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Sec t ion  6 
HIBIATOLOGY 

Prepared by George V, LeRoy, Lt ,  Col,, MC 

Data. Collected by Geor,y:e V, LeRoy, L t ,  Col., 14C9 Averi l l  A. Liebow, L t .  
Col,, IvlC, Saxmiel Berg, l.kj0r9 HC, mcl the  Laboratory Technicians of the 
Joint Commission Teams i n  Hiroshb-  am1 Nagasaki 

A. Studies on the Circulating Blood. 

O f  the  portions of the body that are accessible for examination, circu- 

l a t ing  blood i s  the one which is  affected the earliest an2 t!ie xost profsund- 

ly by larp mounts of ionizing radiction, It is, therefore, a sensi t ive 2nd 

easily 'studiad gwge not only of 'the severi ty  of the e f fec ts  of radiation but 

also of the character end deFee  of recovery. 

adequat\: presentation of the changes i n  the blood of Japcnese injured by t he  

The principal hamlimp t o  nn 

atomic bomb is  the fragnentary character of the data, 

cmnts  nre c.vailabls, the mjo r i ty  a r e  single counts on individuals, 

true 

t e rva l  of t h e  after the  baniblng but the f a c t  remins tha t  there wcre coqnr-  

atiacly few s e r i a l  blood counts on patients whose on ly  i n jmy  wcs by :;am 

rays. 

Thus, althouzb ran7 

It is  

tLht these were perforzed on a l l  t j j?es of  patients a t  every possi?:lo in- 

Great as t h i s  handicap appears t o  be, it is  r;lin&nizect by tho  fF-ct th-tt 

very 1-p numbers of pct ients  wcre studied so tha t  it is le!t;it%xte t o  treat 

the  avartzge blood. counts of cer ta in  moups of Wtien%s tha t  were imde a t  vary- 

ing periods of t h e .  

was m d e  on one series of subjects and the  avcrcp count f o r  thc fifth week 

The fact  that the at-xaze count in, say, t nc  four th  wock, 

on mother should not be consihercd a do t rhcn t .  

s imilar ly  exposed and the enployment of group averages seeas a leg i t ina te  

measure. 

There were many patients 
- 

So fm RS possibl-e, tho attenpt will be made t o  deal with ycoup 

sxposed t o  a p p r o x k t e l y  similer quantit ies of mdiiation. This is not too  

inportant, however, bemuse of,"te well-recognize? individual vmiab i l i t y ,  

Accordingly, the $&era1 'endeavw will Ijc t o  discuss together p i t i cn t s  who 

presented s i n i l m  syndrones ac? thus allow inequal i t ies  i n  exposure t o  be 

neutralized s o  t o  speak, by inequal i t ies  i n  radio-sensitivity, 

1 



The material i n  t h i s  section. w i l l  c?cd with the broad fcatures  of 

c-knges i n  the blood of persons expose6 t o  gxm rays of  the atomic konb, 

It w i l l  cl.cgL mainly with c'ounts and with the general pnttern of  the re- 

sponsc; as it wcs observed with the Sssage of the.. The i n t r i c a t e  intcr-  

r e l a t ion  and correlation of the 73Lood picture with the synptmatology c.nd 

with the factors  of  exposure (5..e., distance from the bomb) and. p ro toc t im 

(i.e.> the so r t  of material intervening between tha subject and the bmb) 

w i l l  be described i n  d e t a i l  i n  the s t a t i s t i c r l  section and i n  zencral in the 

ciinfcaf section, The e f fec t  of the g m ~  radiat ion on the  iorpholo,q of 

the fcrmed elenents cf the blood w i l l  5e discussed here as w i l l  ccrtai.n ob- 

servations on the chanzes i n  the mechanism of cocgulat ion of thc  hloo2, 

Japanese sources since the majw changes i n  the  Uood picture 526 run t l lcir  

cqu-se by the tiw the Joint Cormission mrivcd. 

Jzpanese r s t c r i a 3  care has boen t?zken t o  se lec t  data f ron  orpnizn t ions  r,Jhose 

Necessarily, nuch of tho da te  f o r  t h i s  section has been obtairler? frm 

In the ernj?loyncnsV of the 

personnel were known by the h-er lcan doctors rncl whose r e l i a b i l i t y  b~xs recag- 

nizt?d, 1% is  Cesirable at t h i s  point t o  crcknqwledne the work of  tkrcsc p o p l e ,  

mich of which was perf rnccl under UnbelicmiiLy arduous ciTctmstaaces, It 

woulcl hare been impossible t o  present a well-potmdec! p,icturz o f  the chn:~kss 

i n  the circulat inz blood withciut the laboratory drrtsa which wcs suj?plier? by 

the Japanese physicians. 

On the basis of repoi-ts that have appeared i n  tne ineclical l i t e r a t u r e  

- since Xeineke of Leipzig i n  1903 (1) first described the action of Roen-ICen 

rays on the bloocl acd blood-fornine organs it ms possible t o  ant ic ipate  t h e  

ch-ruractcr of the  chaqes  i n  the circll leting blood of the Japanese p t f e n t a .  

The majority of tho sc i en t i f i c  a r t i c l e s  describe thc effects of various kinds 

Y 2 ( 6 )  . 
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of ionizing radiation on laboratory animals. 

fec t  of radiation on normal t issues  by Dunlap and Warren (2)  1942 contains 

several statements which may help t o  orient the reader with respect t o  the 

data whjch is  tsAben&60ented: 

A recent review of the  ef- 

"When proper corrections fo r  absorption are  made, there is no convincicg 
- 

evidence a t  hand of  qualitatcve o r  quantitative differences i n  the biologic 

effect of s imilar  doees delivered a t  wavelengths within the range of s o f t  

and hard Roentgen rays, gamma rays, and the alpha and beta par t ic les  of ra- 

dium. '' 

(1) Heineke, H. "Ueber dLe Eimirking der Rontgen 11 Strahlen auf Tiere" 
Munch. Medz. Woch. 50: 2099-2092,. Dec, 1, 1903. 
. .  
Idem., "Ueber die Einwirking der Rdntgenstrahlen I auf innere organ" 
ib id  51: 785-786, May 3, 1904. 

Idem., "Experimentel1.e untersuchungen uber die Einwirking der 
28ntg~2stre3len auf des ICnockenmark, nebst einiEgen Bemerkungen uber 
die  3mtgsn'kerapie der Leukalnie und Pseudoleukamie w d  des Sarcoms . 

I$em., '%xperimentelle untersuchungen uber die Einwirking de r  
Roatgenstrahlen auf innere organ." 
u. Chir. X V ,  Bd 1, u 2, 1904. 

. Deutsch ZeiSs. f. Chir. 78: 196-229, 1905. 

. 

Mitteilungen an der Grenz, der Medz. 

( 2 )  Warren, S. ,  Dunlap, C .  E., "Effect  of Radiation on Normal  T ~ S B U ~ S ,  " I11 
Effects of Radiation on the Blood and the-Heinopoletic Tissues, inclu.ding 
the Spleec, the Thymus and the  Lymph Nodes," Arch. Path. 34: 562-608, 
1942. 
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This is an important observation f o r  it permits one t o  apply the in- 

formation derived from the study of pat ients  i r radiated with ordinary hard 

Roentgen rays t o  the interpretat ion of the e f fec ts  caused by the extremely 

hard gama rays emitted by the atomic bomb. 

.stifl not too much information available on the effect  of whole body Roentgen 

j r radiat ion,  the Japanese data may be applied vice versa. This last cbserva- 

t i o n  is supported by another statement from the review: 

Furthermore, since there is  

"Few concise data on the hazard of blood damage as  an undesirable side 

effect  of radiat ion therai&are accessible on the  changes i n  the blood t o  be 

expected even from standarilized radiologic procedures." 

Whole o r  t o t a l  body radlation with Roentgen rays of varying voltages has 

been practiced increasingly from 1932 and the e f fec t  of a single,  re la t ively 

small (25-50 r )  dai ly  dose I s  found t o  be s l i gh t .  

available in the l i t e r a tu re ,  however, on the largest  single dose of t o t a l  

body i r rad ia t ion  tha t  can be tolerated by man. Tvo other quotations, the 

f i r s t  from the Review (2) and the second from a report by Minot and Spurling 

There is  no information 

( 3 )  will epitomize our current knowledge of the e f fec ts  of ionlzing radiation 

on the  circulat ing blood: 

"As a prac t ica l  generalization, it may be said tha t  suff ic ient  i w d i a -  

t i on  of t issues  with e i the r  radium o r  Roentgen rays w l l l  cause a reduction in  

the numbers of c e l l s  of a3.1 series i n  the circulat ing blood." 

I 

(3) Minot, George R., & Spur lhg ,  Roy G. 
t ion,  especially short  w w l e n g t h  Roentgen ray therapy." Am. J. Med. Sci. 
168: 215-241, 1924. 

"The ef fec t  on the  blood of i r r a d i a j  

4 (61 4 



"The s e a t e r  the dose, the more profound is the blood damage, the more 

rapidly it develops and the more s l o ~ r l y ' i t  is  repaired, 

remains quite consistent qual i ta t ively over a wide range of dosages althobgh 

massive exposures may obscure some of the ewly chaqes am! small doses scmc- 

tims f s ? i l t o  evoke the conplote response." 

The blood response 63 

e -  It should be addad at t h i s  point that the  type cf i o d z i n g  irradiation, the  

' e f f ec t s  of which are described i n  the last two quotations, w m   ha^? Roentpn - 
-%i 

rays of an in tens i ty  of approximately 200 kilovolts,  

With t h i s  ?xckjTound we may proceed t o  Q consiCerztion of, first, the 

changes i n  the circulating blood.anC, second, the changes i n  the bone mrrw 

o f  the Japanese cxposd t o  the p i i  radiat ion of the Eitmic bmb, i>rwxtr- 

b 

n 

t i on  of the d r t a  w i l l  be simplifiec! by discussing each rJf the affected clemnts  

of the circulat ing blood s e s r a t e l y ,  

The cl i i i ical  material on which t h i s  section is  based bas been selected 

from the  h p c  .mount of data ccllected by the  Joint Conmission, .The dztr  

have been chosen t o  prcTzEe the-clearest  picture of  the ckmgcs i n  the peri- 

pheral blood consequent t o  gmma radiation of the whde boc!y, 

whose blooC? pictures ~ J i , l l  be described were 

The patients 

of two gcne rd  sorts:  

(a) Patients with frank -cl inical  evidence of tne .sync?rmc of r d i a t i m  

A l l  these cases were studied by the Japanese and the data which 

t o  the  Joint Comission i n  

sickness. 

arc cited were collected by them and presented 

the  form of  special  reports by the i x l i v i d m l  groups of workers. 
- 
- 

-9 1 
= .  

(b) Survivors, c l i n i ca l  Gata on whom were obtqined i n  questionmire 

form and submitted t o  analysis by the Joint  Conmission. All of the  roports 

of the blood examinations performed on-tho nemlsers of this &oup prior  t o  

1 October were provided by the Japanese physicians, but exaimtiom subsequent 

5 



t o  tha t  t i m e  were conducted under the auspices of the Joint  Commission. A l l  

the  data from the questionnaires obtained from the suHivor  group were record- 

ed in  IBM cards, and a re  described i n  d e t a i l  i n  the s t a t i s t i c a l  section of the 
6 3 -  

report. For the  purposes of discussion i n  t h i s  section, one specially selec- 

t ed  group has been used frequently, namely, subjects who were outdoors, m- 

-. shielded, o r  indoors, inside a Japanese type building, and located within 

Th i s  par t icular  category has 
3 

1.500 meters of the center of the explosion. 

been chosen f o r  discussion because there appears t o  be l i t t l e  question tha t  

the majority of the members of it received considerable amounts of gamma r8- 

+- \. 

it 

diat ion from the explosion of the atomic bomb. In  general, the e f fec t  of 

shields-ng and individual variations i n  radio-sensit ivity w i l l  be over-looked 

i n  t h i s  section. The discussion w i l l  be concerned primarily with the blood 

picture i n  the various c l fn ica l  stages of the  syndrome of radiation injury.  

It is convenient t o  divide t h i s  syndrome in to  4 types, the character is t ics  

OB which are  shown i n  Table 1. Most of the patients of the first type died 

during a period when the hospitals and doctors were over-burdened and there 

’ 

are  few data available on them. The magority of the pat ients  studied by the 

Japsnese during the l a t t e r  half  of August.and the f irst  half  of September 

would be included i n  the second catebory; w h i l e  the ones who survived and 

provided the  bulk of the’cases f o r  the Joint Commission studies are the repre- 

sentatives of the l a s t  two types. .The various elements of the blood wil l -be 

w considered separately. 
s 

(1) Erythrocytes and Hemoglobin. w - 
I L  

The -effect of the radiation emitted by the atomic bomb on the erythro- m 

cytes is  complicated by the obvious factors  of loss of blood due t o  wounds 

and t o  the hemorrhagic tendency tha t  developed, as w e l l  as the farailiary 



anemia associated with any s o r t  of severe infection. Since it was not 

possible t o  col lect  large numbers of patlents i n  each of the c l in i ca l  classes 

as  described i n  Table 1, who did not have complications of one sor t  o r  

another, it is necessary t o  t r e a t  the patients as a group regardless of 

t h e i r  other injur ies .  

broad view of the data t o  be presented. 

This consideration requires the  reader t o  take a 

TABLE I 

C L A S S I F I C A T I O N  OF C L I N I C A L  TYPES OF THE 

SYNDROME OF RADIATION INJLTRY 

Very Mode r a t  e ly 
M i  Id - -- Severe Severe Severe 

Approximate 
Mortality . 

Leas than 
105 N i  1 5% 

Time of Death, 
Qeeks 3d-6th 6th-15th - 1 s t  -2d 

Leukorenin, 

Purpura 

Epi 1st ion 

4- 
. .  . .  . , ... . . 

+: j - f  

t - .'- 
e 

Ulceration & 
Inz'lamat ion of 
Mucous membranes 

..I- 

.$.; -; . L 

Approximat e distance 
f rom??bomb, ue t 828 Less  

t lian 
1000 

1000-. iOoOi More 
1500 than 

1500 

1 
r: 
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(1) very Severe Group. 

The resu l t s  of the examination of the blood i n  9 pat ients  of t h i s  

type from Hiroshim are  shown i n  Table 2. All the patients had received 

0 

b some other in jur ies  than tha t  due t o  gama rays and the  extent of these in- 

ju r ies  is d i f f i c u l t  t o  determine from the record. because of the familiar 

dehydration associated with burns, it is not desirable t o  a t tach  much s ig-  

nificance t o  the red c e l l  counts i n  these ear ly  pat ients  i n  whom loss  of 

f l u i d  from burns and from the commonly associated diarrhea occurred. 

low color index in each case is  remarkable and it cannot be explained read- 

i l y  on the basis  of exis t ing knowledge of the effect  of ionizing radiation 

on the  erythrocytes. 

The 

There are no data extant from e i the r  c i t y  on the reticul.ocyte count or 

Inspection the morphology of the  red blood ce l l s  of the very severe cases. 

of the few blood films tha t  are  available (H-10645-1, Table 2; H-10619-1, 

Table 2 )  reveal t ha t  the microscopic appearance of the erythrocytes is  quite 

normal. The same observation has been made by the Japanese physicians. 

(2) Severe Group. 

Ir&mny i n s t e e s  pat ients  of t h i s  type were observed i n  well es- 

tablished c l in ics  and followed over a period of from several  days t o  several 

weeks, so tha t  s e r i a l  blood examinations are  available i n  some instances. In 

the tables tha t  follow typica l  examples are presented. (See tables  12 & 13.) 

The significant fe&ure of the  change i n  the red blood c e l l  counts is  the 

steady r a t e  of decline which appears t o  reach minimum values at about the  

. 

same time as the vhitetblood cell. qat, which i n  many instances -coincided 

with the death of the gat ient .  

approximately 5G per cent of the severe type of pat ients  died. 

.2- 6 
A s  indicated i n  the  classi f icat ion,  Table 1,' 

i - 
In  Table 3 

I 

I 
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ie l i s t e d  the  dis t r ibut ion of the red c e l l  counts f o r  two groups of Hiro- 

s h i m  pat ients  who appeared t o  have been affected t o  the same extent by the 

gamma radiation. 25 died, and 27 survived. The degree of anemia i e  quite 

s imilar  i n  the two groups and there is no clear  evidence tha t  t h i s  fac tor  

can be useful in  prognosis. 

TABU3 2 

CASE NO. 

H-10614-1 

H- 10619 -I 

H -10645-1 

~-1061>-1 

H-10616-1 

- 
H- 10625 -I 

H-10635-1 

- 

B.W. 4'2 4.10 400 12 A u g u s t  9 

B.W. 50 4.20 150 12, I' 9 

B.i , 45 4.20 400 12 11 

B. 32 2.65 400 12 If 8 

B. 43 3.28 130 12 8 

B.W. 40 3.75 250 12 - 
B. 40 4.13 400 .l3 8 

8 

9 

W. 40 2.82 300 12 I' 

W. 40 3.26 300 13 " 

( A l l  the pat ients  were inside the  Bankers' Club, Hiroshima, 200 meters from 
the  center. See Section 1H) 

Whis data obtained from the  report: "Hematological Study on the Atomic Bomb - 
Disease," by K. Nakao, G .  Kobayashi, S. Ksito, Y. Yano, and M. Komiye; 
Medical Clinic (Dr. I(. Sassa, Chief), Tokyo Imperial University. 

*Whe blood counts were made by surgeons of Iwekuni Naval Hospital. 
L 

li MB:=: Bukns; W. = Wounds. I = 

c 
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TABLE 3 

SEVERE CASES (HIROSHIMA) 

. e 

P 

- c  
s 
L 

DISTRIBUTION .OF LOWEST RJ3D CELL COTJNTS DURING 
THE 3rd TO 5 t h  WEEK AFTER BOMBING, 

/ 

Rame : 
Patients  Who Died 

P 

3 

Millions/m3 Patients Who Recoveis  

l..O - 2.0 5 

14 2.1 - 3.0 12 

3.1 - 4.0 7 .  I 
7 

1 - 
25 

Over 4.1 
Total  

3 
27 
c 

Color Index. 

There is no consistent patte-m-of the  var ia t ion of t he  color index 

which can be=recognized i n  t h i s  type of patient.  

index is seen t o  vary from less than 1.0 t o  values consid.erably i n  excess of 

I n  individual cases, the 

even 1.5 and i n  the Nakao series of 25 f a t a l  cases, the color index was 1.0 

o r  greater  i n  17 cases and less than 1.0 i n  the reminder.  

the Joint  Commission have suspected tha t  such var iab i l i ty  i s  b e t t e r  explained 

by laboratory deficiencies than by some systematic change i n  the composition 

of the  individual erythrocytes. . 

The members of 

F 

Price-Jones Curve. 

Measurements were made of the &an diameter of t he  erythrocytes i n  

stained blood films obtained from pat ients  with the  severe f o m  of radiation 

injury. The number of examples is few. but the  general configuration of the  

curve is approximately normal which .would sugge 

been chosen. 

tha t  good examples ,have 

The values observed f o r  the blood of pat ients  obtained i n  late 

August i n  Hiroshima and i n  ear ly  $eptember-in N gasdki ere shown i n  TatJle 4. 

The first group of values (A. Hiroshima) a re  s i g q i f i c m t l y  different  from 

10 
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. 

n 

normal i n  s p i t e  of the small number of subjects included i n  th i s  group; 

and the low standard deviation suggests that the sampling was good. 

second group (B. Nagasaki), because of the large standard deviation a re  

not s ign i f icant ly  different  from the controls. 

The 

P 

Furthermore, the large 

standard deviation suggests that t h i s  group was not par t icu lar ly  repre- 

sentative.  I n  the case of the t h i r d  group (C Nagasaki) no standard devia- 

tions were supplied by the Japanese who performed the measurements but it 
I 

is very unlikely tha t  so small 8 difference between the means would be sig- 

nif icant .  The difference between the means of the pat ients  and the means 

of the controls is only 0.14 microns which is smaller than the standard 

deviations of the most carefully studied group on record.' I n  Price-Jones'(4) 

or ig ina l  monograph, the standard deviation f o r  100 normal su3jects was 

0.172 microns. 

the  Japanese and the normal f o r  the means studied by the Joint  Commission is 

t o  be explained on the basis of the type of micrometer and the technique 

used. I n  view of a l l  these considerations, it appears t ha t  there is l i t t l e  

change i n  the size of the erythrocytes of patients severely injured by the 

The difference between the means f o r  the normal studied by 

< 

gamma radiat ion during the first four t o  s i x  weeks a f t e r  exposure. 

, -  

(4) Price-Jones, Cecil, "Red blood c e l l  diarceters", London, Humphrey Milford, 
Oxford University Press, 1933. 

, 
. .  I 

.- 
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TABLE 4 

--- SEVEN3 CASES 

Price-Jones Curves 

C I T Y  - 
A) Hiroshima 

(Smears made 3-4 weeks 
a f t e r  bombing. ) 

Number MFAnT DIAMETER @F ERYTHRXVTES 
MICRONS 

6 

B) Nagasaki 10 
-. * (Smears made 4-5 weeks 

a f t e r  bombing. ) ?. 

7.28 + .610 

Examinations of A )  and 13) performed by Joint  Commission. Normal Control 

values obtained by same examiner; 7.44 . 3 O l  microns. 

C) Kagasaki 28 7.87 
(Smears made 4-6 weeks 
a f t e r  bombing.) 

Examinations of C )  performed by Japanese ‘doctors, of I Medical Clinic, 

Kyushu Imperial University. N o m 1  control value obtained by the same 

exnminers: 

Reticulocytes 

Only a few reticulocyte counts 

7.73 microns 

were performed 5n the  severe 

the Nakao study there is an interes-ing difference between the d 

cases. 

s t r ibut  

of reticulocyte percentage i n  the group of pat ients  t ha t  died, and i n  the 

group tha t  recovered. In Table 5 it can be seen tha t  i n  the f a t a l  group 

In  

on 

no 

survived; one-half had values higher than that. 

subjects is  unfortunately snall, but the findings are  consistent and are  

i n  agreement with other reports,  

patient had a reticulocytosis in  excess of 0.4%; while amng those who 

The t o t a l  nurrber of 

The data suggest that reticulocytes m y  

12 
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L 

i 

/ 

be equally as sensi t ive an indicator of thc extent 9f d m a p  t o  the bone 

rmrrow as the leukocytes or the plzitelets. 

TABLE 5 

. SEVERE CASES (HIROSHIMA) 

RETICULOCYTE COUNTS 3-4 WEEKS AFTER BOMBS. -- 
Patients Who _Survi-red 
-I Patients h%o Died Per Cent -. 

9 0 - 0.4 6 
4 0 0.5 - 0.9 

2 0 1.0 - 2.0 

0 Over '2.0 1 - - 13 9 Totnl 

This f inc ine  of  a low leve l  of  reticulocytosis i n  pnticnts agrees well with 

the observz-tions i n  anirimls i r radiated cxperimntally i n  which n pro?.@ a 2  

persis tent  Gecreasc i n  the percentage of reticulocytes i s  character is t ic ,  

during the period of several  weeks a f t e r  exposure, 

The norphology of  the red blood c e l l s  as observed i n  stained blood 

f i l m s  o b t a i n d  daring the course of the i l l n e s s  i n  severe cases nrpears 

essent ia l ly  normal. 

them does ap2ear t o  be nore than the usual va r i ab i l i t y  i n  the s ize  of the 

erythrocytes. 

the g m m  rays, nucleated red ce l l s  were seen during the acute phase of the 

, 

There is  no conspicuous Cegrec? cjf poikilccyt:,sis 7;v-t 

In  some of the blood films f ron  pat ients  seversly affccted Sy 

0'. 

- .  - 
i l lness .  

they were seen i n  sml l  nunbers, selc!om more than 2-4 per 100 white Slood 

They were not found i n  every casc, appmently, am1 when tlicy occurred 

ce l l s ,  Those tha t  were seen had an' essent ia l ly  norm1 appearance, 

(3) Moderately Severe and Mild Cases, 
I 

The majority o f  theee classes of pat ients  survived anc! considerably 



more data are available on the  pat tern of the variations i n  t h e i r  blood 

. pictures.  I n  these patients,  as i n  the preceding groups, the charactoris- 

t i c s  of  the response of the circulating blood w2s complicated by blood loss  

I, and the co-existence of severe infection. I n  t h i s  group, however, it is 

possible t o  observe such changes as may occur i n  the blood picture during the 

period of recovery. 
.. 

Erythrocytes and Bemoglogin. 

The case records selected by the Joint Commission and studied s t a t i s t i c a l l y  

were t o  a large extent of pat ients  with the moderately severe and n i l d  type of 

injury by gamma radiation. Changes i n  the  blood picture of the group who sur- 

vived are  shown fo r  each c i t y  i n  Table 6. 

t ions a re  recorded were a l l  located within approximate1.y 1500 meters of the 

center. They were e i the r  outdoors unshielded, or  indoors inside Japanese- 

type wooden buildings. It has been shown i n  the s t a t i s t i c a l  study that sub- 

jec t s  s o  s i tuated were most affected by the bomb. 

The pat ients  whose blood exmina- 

This group contains the  

records only of pat ients  who displayed symptom t o  support a diagnosis of 

the syndrome of radiation injury. 

made t o  subdivide the c l in i ca l  material on a basis comparable t o  the c l a s s i f i -  

cation given i n  Table 1. Accordingly, it is ine-Titable tha t  t h i s  groap which 

we ace taking as representative of the 

syndrome of radiat3on, W i l l ,  contai 

type who came under observation during 

these whose blood counts a re  presented i n  t h i s  

I n  the  s t a t i s t i c a l  study, no attempt was 

of pat ients  of the "Severe" 

4 

- two reasons. F i r s t ,  the  tables  of-average 

is used. Since mny of the  severe cases had 

frequent blood counts, t h i s  type of patient w i l l  contribute only t o  the early 

14 



weeka of the tabulation. Second, the group of subjects whose blood counts 

were used had a.smal1 incidence of high fever. One-fifth of those from Hiro- 

shima and one-tenth from Nagasaki, respectively, had experienced fever i n  ex- 

cess of 39OC. 

ver, so that the low t o t a l  incidence of  t h i s  symptom suggests that the severe 

I n  general, nearly every one of' the  severe cases had high fe- 

cases were i n  the minority. 

Upon inspection of Table 6, it is  seen tha t  the lowest values f o r  hemo- 

globin and red blood c e l l s  occurred i n  the 6 th  and 7 th  week a f t e r  the bom3ing. 

It is  a l so  seen tha t  the average blood count has not returned t o  normnl by 

the twelfth week. 

University from pat ients  who were exposed t o  the atomic bomb i n  each c-ity a re  

analyzed together and display the sane s o r t  of trend as i s  shovn i n  the pre- 

I n  Table 7, data collected from the c l in ics  of the Kyushu 

ceding table.  

TABLE 6 

MCI!BRAmLY SEvEm AND MILD CASES 

-.-- 

-.- 11- 

---I_ EXAMIN~TION OF THE B L O ~  
Mean Values fo r  RBC, €I% and Color Indc>x 

H I R O S B m  NAGASAKI 
Hb. 5mS. RBC 
-- 

Color 
Milliom Index I_ - Born'* Index 

I- *- RBC - Weeks a f t e r  . Hb -- Color - - 
- c ' 1  - - - - - - 5-5* 2 

6.8 2.7* 
7.8 3.9* 
9.1 .3.7 

8.7 3.1  9 
8.8 3.1 9 
8.0 3 .1  0.8 - - 8.9 3.5 
8.3 3.0 0.9 7 .  7.4* ' 2.9* 
g.o+ 2.9* 1.0 8 ' .  8.3* ' - 2 . B  
7*7* 3.0* 0.8 ~ 9 -  9 .9 .  3,2* 

10.5" - 
ii.0 - - - 11 9.4 3 . 6 ~ ~  
11.8 3 . 6 ~  1.0 12 10. o* - 
14.5 .4.5O . 1.0 Normal Japanese 14.3 4.50 

9.3 . 3.9 0.7 

.. 10 9.5 . 3 . 3  ' 

- 
0.8 
0.6 
0.8 
0.8 
0.8 
0.9 
1.0 
0.9 
0.8 

1.0 

+Indicates-that the mean is calculated on the basis of-fewer. than 10 cases. 



TABIB 7 --- 
MOOERATELY SEVERE AND MILD CASES(NAGASAK1) 

ICPUSEKJ IMPERIAL UNIVERSITY 
Mean Values for RBC . Hb., and Color Index 

SAW.@!- SEPLCE MISAO SERVICE - 
25 Number of Cases 16 

Hb.* RBC C.I. Weeks a f t e r  Bombing RBC C . I .  

51- 3.21 0.8 

66 3.13 1.0 

64 3.17 1.0 

62 2.96 1.0 

67 2.97 1.1 

6% 3.20 1.0 

77 3.26 1.2 

70 3.10 1.1 

83 3.76 1.1 

4 

5 

6 .  

7 

8 

9 

10 

11 

12 

Color Index. 

- - 
2.47 1.06 

2.63 1.2 

. 2.91 1.1 

3.14 1.2 

3.40 1.0 

3.95 1.0 

4.02 0.9 

3-70 1.0 

The tendency for  the  color index t o  spproximate unity is  shom i n  Tables 

6 and 7. 

hy-perchromic, macrocytic anemia i n  subjects poisoned by radium, t h i s  condi- 

Because of reports i n  tho medical l i t e r a tu re  of the development of 

t i o n  was studied intently,  par t icular ly  by the  Japanese. In  view of the  f ac t  

t ha t  most infections as-we11 as blood loss from wounds, should favor the pro- 

duc t im of &I anemia w i t h a  color index considerably less than unfty, the per- 

s i s t en t  finding of nom.1. Gal-ues for :  color index is, t o  say the leas t ,  suggest- 
l 

i v e  of a tendency-toward erchromasia in a purely relative sense. 

*Eb - Japanese Sahli, 3.4.5 G = lo@. 
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MCV, MCH, MCHC 

I n  one group of survivors i n  Nagasaki, careful blood counts and meas- 

urements of the packed c e l l  volume were done. 

volume, (MCV), mean corpuscular hemoglobin, (MCH), and mean corpuscular 

hemoglobin concentration, (MCHC), were estimated. 

a re  shown i n  Table 8. 

from the e f fec ts  of radiation injury a re  compared with two other groups of 

residents of Nagasaki City. 

group of patients,  and of group A is s t a t i s t i c a l l y  s ignif icant .  

t rue  fo r  the difference between the mean MCH of the  same groups. 

!The average mean corpuscular 

The resu l t s  of t he  study 

I n  t h i s  table,  the findings i n  66 pat ients  recovering 

The difference between the  mean MCV of the  

The same i s  

Tke tendency 

i n  the patient group toward macrocytosis and hherchromasia is  small; but it 

appears t o  be def ini te .  

nificance than the small numerical difference indicated, because it is  ob- 

served i n  a group with infection, burns and wounds which would customarily 

As has been mentioned, t h i s  trend is  of greater  s ig-  

cause the reverse type of change i n  the red blood ce l l s .  

group of pat ients  with radiation injury, and without infection or  other com- 

A suf f ic ien t ly  large 

pl icat ions could not be obtained f o r  study. 

A. A group of 3 , p e o p l e  who had never hzd any c l in i ca l  symptcms of ra- 

diat ion injury. Most of these subjects-were at  distances greater  than 3500 

meters from the bomb. r 

A group of 3 people who lived i n  Kami-Nagasaki ra t ion  d i s t r i c t ,  X. 

on the  w e s t  s ide of the Nishiyama reservoir. 

protected f’rom Gamma Rgys by the high h i l l s  between them and the bomb. 

had ever had any c l in i ca l  symptoms. 

These people were a l l  completely 

None 

17 
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TABLE 8 
__LI 

-.--&A MCV ?4CH, EJICSC (FULGLSAKI~ .-- 

Groun A 30 89.1 2 1.35 29.4 k 0.47 33.3 -!-. 0.63 

hTX.Tl8-1 (5) 87.0 3- 5.00 29.0 2.00 34.0 5 2,OO 

(1) Noan corpuscular volme - cubic nicrons 
(2) Mean corpwxlcir  henoglobin - goma gmma 
( 3 )  Menn Cory>, hemoglol-in concentlPsbtion - percent 
( 4 )  Standard error  of the lftaan 
(5) Normrl values for occiCentals, fron FJintrobo (loc. c i t . ) .  

Comparzble estimtss f o r  Ja&Einesa were not obtainatle pr ior  
t o  the t i ac  of  the h c r i c m  Occupation, 

Pricc-Jonesr Curve 

Only one group of survivms knnwn t o  have the  synC1Irc)ne >f 

radiat ion injury i n  a moderetely severe form was emxiined with res-mct 

t o  the  nean ?iarJeter of  the  re(. blood ce l l s .  Blood smeas fron thc: 

pcttients i n  t h i s  group were collected i n  the  ShinkozeE Medical Aid 

Hospital and were measured carefully by Major S. Borg,'MC, a t  the Amy 

Ins t i t u t e  of Pathology (see Figure 1). 

1 where the  average Price-Jones' curve f o r  20 patients with radiat ion 

injury is coFpared with the average curve f o r  Japanese normal contrcls. 

The coqar i son  of the Japanese n o m 1  with the  Price-Jones' nornal is 

shown i n  Figure 3. 

basis of the fact timt they hrrd e i ther  no, or very minor injury except t h a t  

The results a r e  shown i n  Figure 

The patients were selected f o r  the study on the 

L 
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due t o  ionizing radiation. 

or were present i n  every case. 

o f  the i r radiated group was 7.85 -- -,- .428 microns, which i s  s igni f icant ly  

L^reater than the control value of 7,41, 6 .301 microras, The n e m  v?-lue f o r  

Unfortunately, infectious processes had been 

The near1 value. f o r  the red c e l l  dianeter 

- 
the pc^,tiu?nts sufforing f ron  the e f fec ts  of i r rad ia t ion  wss, s t e t i s t i c a l l y ,  

s ign i f icant ly  greater than the  values f o r  2 other groups of subject resident 

i n  B?apscaki. 

t o  h v e  no evic!ence of radiat ion injury and tho other ,group wcs conposcc? :>f 

persons who.wcre known t o  have been behind a l a y e  range of h i l l s  :I? such 

height t ha t  no pmla rays frcm the  ntomic bonb could have reached the r u s i -  

dents 

One group (Series A) a f t e r  careful  c l in i ca l  study, was fouad 

, 

(Series X) .  This region was i n  the Yishiyam section or' tho IicLrtin 

NaGasuki Ration District. 

diameters 3f 211 these souy,s a re  shown i n  Table 9, 

The evidence from t h i s  stur?y which ?lay be assumed t o  be representative and t o  

have been careiXlly done 

t o  inxrocytosis i n  the 

(See Section 3N). The mean value f o r  thu  ?ad c e l l  

(See a l so  f i g r e  2). 

is tha t  a f t e r  injury by prim rx?.iation 8. tendency 
63 

peripheral 510011 i s  t o  be seen. T6e mltle o1)scrvcttion 

as WQS nade with respect t o  thc color  inc!cx ail? -to the  n e m  corpscu-lar 

volune, etc., npplies t o  t h i s  s i t i n t ion .  

eG1y had s m e  infection which o 

anexico., the fin6ings of m' inc 

tairi ly s ignif icant ,  '(See tab1 

Reticulocytes. ~ . 

Siace most of the paticiits uncloubt- 

thc red blooc! c e l l  is  cer- 

\ 
y-nts of the less Severely 

ewlx weeks d t e  the  explosion, Considerably l m p r  

ount s , however 9. e av&la:)le -for thc period of 8 t o  

12 weeks a f t e r  the Eonbinf;, The *observctions lrade a t  this t i n e  are especially 



* -  

i 
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interest ing because, as w i l l  be seen i n  the  discussion of the bone marrow 

from survivors, t h f s  period during October was the time when erythropoiesis 

appeared t o  be the  most marked. 

on groups of comparable patients i n  each city. 

In  Table 10 are shotm reticulocyte counts 

The most important feature 

of the tabulation is the  unifomly low values observed. 

what m o r e  than 50 per cent of the counts were‘ less than 1 per cent, which 

In each ci ty ,  some- 

may be considered as the  oydinary normal value. This finding, when taken i n  

re la t ion  t o  the range of the average erythrocyte count a t  the same t ize  (see 

table 6 ) ,  is very interesting. 

those weeks are 2.9 t o  3.6 mill ion f o r  I-firoshima and 2.8 t o  3.6 million f o r  

Nagasaki, respectively. Regaxdless of the findings i n  the bone marrow, it is 

d i f f i cu l t  t o  escape the‘conclusion tha t  the deEivery of young erythrocytes t o  

the circulat ion is  deficient,  

than one would expect t o  f ind i n  patients with comparable degrees of anemia 

who werrj recovering from wounds and burns, 

The values f o r  the red cell counts i n  (8 - 12) 

The degme of reticulocytes is cer ta inly l e s s  

TABLE 9 

MODERATELY S m  AND MILD CASES AX) CONTROLS (NAGASAKI1 
--n-Red Blood Cell Diameter 

CLASS OF SUBJliCT - NUMBER MEP,N AMI STANDARD DEVIATION 

1, Patients with Radiation Sickness 20 7.85 k .&8 

2. Series  A * -  7.61- - f r  ,391 - 

3. Series  X 14 7.5% k “  , .287 
” .  

4.  Controls 9 7 . a  .b .301 

5. Normal Ad*ts* (W be, loc,  c i t , )  - 7.5 I . .3 

1) i s  s ignif icant~.y grea o r  4 ) .  

are  not signif  

20 
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T B L E  10 

DISTiXIBUTIOIT OF RETICULOCYTE COUNTS ' 

8 t o  12 Weeks After the Bombing 
-7 

A, Hiros- (Nakao Series, Loc, c i t . )  ' 

Number of Cases - Per cent Reticulocytes . 

6 0.0 - 0*4 

0.5 - 0.9 

1.0 - 1.9 

7 

9 

3 

25 

Over 2.0 

- Total 

B, Nagasaki (Gmura Naval Hospital, Ka'ida Series) 

Per cent Reticulocytes 

0.0 - 0.4 

0.5 - 0.9 

1.0 - 1.4 

1.5 - 20 
Over 2.0 ', 

Tots 

Morphology 

Number of Cases 

40 

25 

15 

6 

11 

97 

The morphology of the red blood ce l l s  i n  the stained fi lms of the pa- 

t i e n t s  with the moderately severe and the mild forms of the syndroDe of rad- 

i a t i o n  injury appears qui te  similar i n  the-mater ia l  from each city. 
. 

There 

5 is more poikilocytosis and anisocytosis than was se'en i n  the  other tyyes of 

material but even i n  the pat ients  i n  t h i s  group it does not appear t o  be 

excessive. There was one major difference between the erythrocytes i n  the 

Gss 21 



blood s l idcs  of the pat ients  from the two c i t d s ,  Punctate ciasopLb 

stippled red cells were seen quite regulwly  i n  the Nagasaki study 

observed infrequently i n  the Hiroshima cases, In the l a t t e r  c i ty ,  

ia or 

and were 

the find- 

ing was encountered so seldom and was so  apparently unrelated t o  other 

f ac t s  t h a t  there is k s u f f i c i e n t  data  f o r  tabulation. 

as can be seen i n  Table 11, it was found i n  a considerable number of cases and 

t o  a much greater degree i n  the patiefits with b a n k  evidence of rad ia t icn  in- 

jury, I n  the Table, it is  evident t ha t  the incidence is  higher i n  pat ients  i n  

the Omura Naval- Hospital, 

t ha t  the laboratory equipment there was bet te r  02 t ha t  the  technicians, havLng 

However, i n  Nagasaki, 

1 -  

L * 
The reason f o r  t h i s  i s  uncertain. It may well be 

been warned t o  look f o r  changes i n  the red blood ce l l s ,  found more examples, 

A 

The appearance of the st ippled red c e l l s  differed i n  no way from those seen i n  

perkons who have had some lead absorption, 

s t ippled ce l l s  was never so  great as that seen i n  the blood of pat ients  with 

(See f igure 4 ) e  The number of 

c l in i ca l  lead poisoning, In  some of the contrbl subjects who said they were 

not i n  Nagasaki the day of the bombing an occasional st ippled c e l l  was found 

but there  were never as many as could be seen i n  a typical  patient.  No f ac i l -  

i t i e s  were avkiilable fcrr investigating thc likelihood tha t  the  wat.cr o r  the 

food contained lead i n  appreciable amounts. 

without fur ther  attempt t o  in te rpre t  i t s  significance, 

Eryth-ocyte Sedimentation Iiate, 

The finding is presented here 

This t e s t  is  ver? popular with the Japanese physicians, and a great 

many determinations were made i n  a l l  types of patient,  . Unfortunately, none- of 

the data is  suitablo f o r  c r i t i c a l  analysis, since no corrections f o r  the 

'erythrocyte count a re  provided. 

was apparently the maximum possible, 

. 
I 

1 

Actually, i n  many cases, tho sedimentation 

The test  was performed i n  f eb r i l e  pa- 

* I  

t i e n t s  much more often than i n  a febr i le  ones, and theye is  no evidence-to 

22 
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show tha t  the results observed differed i n  any degree from*crhat might be 

expected i n  any group of pat ients  with serious infections,  

Osmotic Resistarm? of b y t h r o c ~ e g  

A small number of determinations were made of the resis tance o f  ery- 

throcytes t o  hemolysis i n  hypotonic solutions of sodium chloride, Some 

O f  the patieiits stud.ied were of the severe type, and some of the mocicrately 

severe or  mild type, All the available reports are i n  agreement i n  f i rd ing  

no abnormality of the osmotic resistance of the red blood ce l l s ,  of pat iants  

injured by gama radiation, 

TABLE 11 

MODERATELY SEVERE MID ,MILD CASE;; (?GIGASMI) 

Tncidence of Stippled Red Blood. Cells 
__u -.-- 

A ,  Omura Naval Hospital 

With Radiation Sickness Total  Patients Without RacJation Sickness - -__I___ I 

177 -\ 204. 

4.9 With stippled Red 9 

24% Per cent with St ippl ing 5% 

128 Total Patients 219 

. Cells 

B, Shinkozen Medical Aid Hospital 

9 With Stippled Red Cells - 
7% Per cent with Stippling - 

summy 
In pat ients  exposed t o t l e t h a l  and sublethal amounts of gamma,racliation 1) 

of the atomic bomb, the erythrocytes were serio&ly affected. 

23 ( 6 ) .  23 ' 
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2) The decrease i n  the t o t a l  red c e l l  count and t o t a l  hemoglobin content 

began a t  once and i n  tho severely affected cases reached'critica.1 levels  i n  3- 

4 weeks. 

3) 

blood c e l l  count occurred within 6 t o  8 weeks, 

In the less severely affected persons, the &cbm depletion of t h e  red 

4) 

more so i n  the l e t h a l  cases than i n  those who recovered. 

The numbsr of reticulocytes decreased markedly and t h i s  was apparently 

Even when clinical 

recovery was well established, low values for the reticulocytes were the ru l a  

and levels  t he t  were i n  Imrmony with the degree of anemia observed .were un- 

usual. 

5 )  

was found t o  display the maximum amount of erythropoietic ac t iv i ty ,  the re t ic -  

A t  a time between the 8th and 12th week after the bombing whcn tho mmrow 
\ 

ulocyte count i n  approximtely one-half the p t i . en t s  was still l o s s  tlmn one 

per cent. 

6) 

of a l l  types. was normal, or tepded towzrd macrocybosis and hyperchromasia. 

In  general, the size and hemoglobin content of the erythrocytes of pat ients  

It is  pointed out t ha t  under the circumstances of blood l o s s ,  bwns and iii- 

fected s ta tes ,  the reverse would be expected i n  a. group of simi1.z~- size,  

\ 
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Leukocytes, - cs It is common knowleclge among pliysicians tha t  one of the e a r l i e s t  and 
t 

most consistent e f fec ts  of exposure of the human body t o  adequate amounts of 

ionizing radiation, is  leukopenia. The act ion of  known l e t h a l  doses of X-- 

rays and gamma rayst on experimental animals has been studied and the rapid 

disappearance of leukocytes from circulat ing blood is  a well 
-i 

recognized 

phenomenon, It i s  known tha t  the rap id i ty  of the decline of the white blood 
3 

3 count is  i n  general d i r ec t ly  proportional t o  the s i ze  of the dose, Total 

body radiat ion of human subjects has been accomplished with modest doses of 

roentgen rays of the order of 25 t o  75 r9 but there is no available informa- 

t i o n  on the effect  of doses close t o  or exceeding the asgumed. l e t h a l  dose. 

I n  th s  case of the Japanese patients, i r radiated a t  the time of the atomic 

bomb explosion, it is d i f f i c u l t  t o  estimate the amount of gamma rays tha t  

' s they  rsceived, but there appears t o  be no question but tht many received 

doses considerably i n  excess of the LD-50 ( i ,e, ,  the amount of gama rays 

that w i l l  cause the death of 50% of the subjects,) 

matter of considerable in t e re s t  t o  estimate the rap id i ty  with which Leckopen- 

ia  developed i n  human beings. 

White Blood Cell Count. , 

Accordingly, it i s  a 

- .  
> 

(1) Very severe casesr 

Two ser ies  of cases, one from each c i ty ,  are available f o r  study. 

In  Table 14 are l i s t e d  all the white blood counts t h a t  were found'in the 

records of the Omura Naval Hospital, of pat ients  who died within 10 days of 

the bombing of Nagasaki. 

the f a c t  t ha t  a l l  except two (Nos, 4710 and 4799) died of severe, extensive 

burns, indicates that they were probably i n  the open, unsheltered, and a t  

The location of these pat ients  is not known, but 

I 
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l e a s t  as close as 1,000 meters from the  center. 

bpor t an t  since it demonstrates the appearance of exheme leukopenia on 

10 and 11 August, the first and second days a f t e r  the bombing. 

a re  l i s t e d  white blood cel l  counts from the records of the Itrclkuni Naval Hos- 

p i t a l ,  Hiroshima, Hiroshima. Practically a l l  of these pat ients  were inside 

This tabulation is  very 

In  Table 15  

the Ba.nkers1 Club (See Section XLH), a reinforced, concrete three-story build- 

ing, 200 meters from the .center, The gar l ies t  white blood counts i n  t h i s  

group were performed on 10 and 11 August, the  4th and 5th days a f t e r  the 

bombing. More extreme degrees of leukopenia were seen a t  th i s  time as would 

be expected fromthe animal eqeriments; 

vided the on ly  re l iab le  information that was obtainable on the rate at  which 

the leukopenia developed i n  the most severely affected persons. 

These two groups or" patients pro- 

CASE h i E R  

4739 

4733 

4.737 
4738 
4736 
4740 
4?34 
4732 
4731 
4793 ' 

4799 
4795 

- 
- 

TABLE 14 

LEUKOCYTE COU,NTS - NAGASAKI 

Data from Omura Naval Hdspital  

DATE OF IJEITE COU,W W,B,C, DATE OF DEATH 

10 August 
11 
30 " 

11 l1 

13- It 

11 'I 

11 11 

11 If 

11 ' 'I 

11 'I 

11 
17 'I 

18 
18 l1 

2200 
200-530 
1670 
830 

1300-1600 
600-1000 
/,00-500 
530-1040 
830 
300 
715 

1700 
500 

430-500 

11 August 

11 August 

11 August 
11 August 
11 

' 11 If 

11 
11 11 

11 
17 
18 I 

' 18 

- 
- 
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H-10608-1 

Pi-10634-1 
H-10612-1 
E-10604-I 
11 -3.0606-1 
€1-10611-1 
l?-l..0625-I 
f3-1062e1 
€1-10618-1 

a 

300 
I 26c, 

Date of Death 

3 2  August 

I 2  August 
12 
13 I t  

14 

Patients of this type attracted considerable atLention during the khird 

to the s ixth  week after the  bombing in  each city where large numbers crowded . 
ii 

the  hospitals, During the height of this period it has been said that 

death  from radiation sickness occurred aL the rate of about lo0 per dayo 

The clinical syridrome was cpite strikiig, with epilation, high fev@r, 

severe ulceso-necrotic lesions of the d c o m  membranes, end pur,ourao 

blocd examinations wem raie, but of ten, unfortunately, these were s in90  
I 

I 

29 ( 6 )  -29 I 
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CWts .and  the records of them frequently f a i l ed  t o  show whether the patient 

l ived or  died, In  the Nakao report  (loc, c i t . ) ,  however, the pat ients  a re  

c lass i f ied  on t h i s  c r i t i c a l  basis  and Table 16 has been prepared from t h a t  

study. 

- FATAL CAS=- 

TABLE 16 

SEVERE CASES 
HIROSHINA 

' DISTRIBUTION OF LOWEST LmJKOCYTE COUNTS DURING TB3 

Lowest Count onl,y 
3rd TO THE 5th WElX AFTEEi IRRADIATION, 

W.B. C. DISmIBUTION CASES THAT RECOVEZZZED 

15. 0-500 1 

7 501-1000 8 

4 1000-2000 10 

0 

25 
-31--.1 

over 2000 

Totals 

4 

23 

The leukocyte counts shown there a re  the lowest ones recorded which is 

not t o  say the lowest which occurred. It can be seen i n  general t h a t  leuko- 

penia with t o t a l  counts of less than 500 white c e l l s  per cubic millimeter was 

observed i n  the majority of fatal  aases for In those who survived, the low- 

est recorded counts were of the order of 500 t o  2000. A number of case re- 

cords a re  available of persons with blood counts of less than 500 who recov- 

ered, but i n  general, it may be said that leukopenia of this extent indicated 

a grave prognosis. The typical  d i s t r ibu t ion  of the  white blood .cell count i n  

a group of pat ients  with tho,severe type of a syndrome of radiat ion i n j m j  is 

shown i n  Table 17, the data f o r  which was collected i n  Nagasaki by a research 

team from Kumamoto Medical College between 4 and 8 September. A l l  the  pa- 

t i e n t s  i n  t n i s  group were acutely ill and it is regret table  tha t  it i s  not 



known how many of them died. 

0 '  TABLE 17 

SEiTTEFE CASES 
NAGASAKI- 

DISTRIBUTION OF L;EUKOirYTE COUDFLFI DL7ING THE 
3rd-5th WEEK AFTER IRRADIATION 

Lowest Count Only 

PATIENTS WITH EPILATION W. B. .-.--- C. *- DISTRIBUTION --. .-..--... - 
4 0-500 . 

. 

69 

10 501-1000 

10 1001-2000 

over 2000 
Totals 

ALL PATIENTS 

7 

17 

15 

The tab le  is of Interest ,  however, since it shows the range of the t o t a l  

white c e l l  counts i n  a group of seriously ill pat ients  whose c l i n i c a l  symp- 

tomatology was generally similar.  

w i t h  ep i la t ion  there was not a def in i te ly  greater incidence of  leukopenia 

o r  a more severe degree of leukopenia than i n  the other groups. 

Fbthermore, it is shown tha t  i n  the group 

I n  Tables 12 

and 13 are  presented some character is t ic  s e r i a l  blood counts from pat ients  

who survived and from others who died, showing the r a t e  a t  which leukopenia 

and recovery ( i f  it occurred) developed. The most interest ing feature of 

these cases is the demonstration of how Long the time-lag may be fo r  the f u l l  

development of the ef fec t  of gamma radiation of the bone marrow. 

a c t e r i s t i c  in te rva l  i n  persons who have received doses approximately the LD- 

50 appears t o  be from 14-35 days w i t h  the majority occurring i n  the %bird 

The char- 
I 

and fourth weeks. 

(3) Moderately Severe and Mild Cases. 

Just  as i n  the case of the erythrocyte c o b t s ,  many leukocyte counts 



- *  

were obtained from the  l e  s severely i r radiated patients. Since t h i s  c lass  ! 
was i n  the majority among the survivors it is natural  t ha t  many of the blood 

exmainations of the Joint  Commission were performed on them, In Table 18 a r e  

collected the  average l e  ocyte counts bye weeks f o r  the most c e r t a i d y  ex- 
" posed group of subjects ( hese yeople were vrithin 1500 meters of the bomb, ti 

outdoors, urishiolded, or  inside Japanesetype wooden buildings. ) A11 

had experienced the typic of the  syndrome of radiat ion injury,  The' 

data showj:' a very d e f i n i t  trend with the average f o r  the minimum w h i t e  blood .i 
ce l l ,  count occurring du r i  the fourth week a f t e r  the  explosion of the  atomic 

bomb i n  each ci ty .  I n  c of the small number of cases.forming sone of the 

weekly groups, the  data fr m Hiroshima is  especially illuminating since it i. 
shGwa the downward trend f om the time of the explosion u n t i l  the  period of m a -  l 
imw depletion, 

The rate at which the average leukocyte count increases during the re- 

covepy pori& is also show:i i n  Table 18. 

data collected by the  Jofn-; Commission is  i n  close agraamont with thc average 

v&lUss f o r  the leukocyte c o i i t s  reported from t.wo of the medical c l in ics  of 

It i s  interest ing t o  note tha t  the 

where s tudies  were made. (See tab le  19). This - 

the succcssiv'e weekly count i n  the Sawada 

pat ients  i n  the Misao Clinic were performed 

Commission counts for one week, however, were 
\ 

not necessarily obtained-f om the same group of subJects as the  counts of the 4 . .  
previous week, 

count seems t o  be well esta,blishcd'by this data, 

The tempo of the recovery of n o m l ' v a l u e s  f o r  the leukocyte 
I 

It may be stated on the basis 

of such study t h a t  a f te r  scblethal doses of gamma 1 rays the leukocyte coui-1-3 de- 

creases s t s ad i ly  f o r  a period of 4 weeks; then, during the following.4 weeks 

returns  t o  norinal level,  

32 (6) 32 
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8 

9 

10 
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5300 

. 2500 

2700 

b700 
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8500 

8500 

7100 

7600 

9300 

2700 2200 1800 

2700 3400 2200 
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Differential Counts, 

Very Severe Cases;, 

The members of the Joint Commissi6n were unable t o  obtain any blood 

In h i s  br ief  report, films of the  severe cases fsom the Nagasaki hospitals, 

Surgeon- Lieutenant SI5otsul:i (see appendix 4 )  mentions the d i f f e ren t i a l  

counts of such patients and s t a t e s  t ha t  scarcely any ce l l s  except lymphocfies 

could be found, even after a prolonged search of  the smears. Of the vory se- 

vere cases from Hiroshima, records are available of 9 d i f fe ren t ia l  counlx, and 

smews of two patients were given t o  the Joint Commission. 

counts are l i s t e d  i n  Table 20, It i s  apparant tha t  there was no characteris- 

t i c  hemogram f o r  this stago, and i n  a general way, tho proportion of the mr- 

ious c e l l  types was approxjmtely normal, except fo r  a shift t o  thc l e f t  of 

the granulocytes 

examples. 

different ia ted from other in+s+Uanccs of severe Leukanenie, 8.s f o r  exaiple, 

acute beilzo2 poisoning, 

blood with the exception of some of  the polysp apperared normal t o  most exmiin- 

ers, In every case it is reported that giant neutrophiles were observed. 

cells were t w o  or tk-ee times normal s i z e  and contained bizarrely.shaped nu- 

clei. 

found, 

blood of animals who'have received large doses of X-rays. 

Different ia l  White' Cell Cow& 

The dif-ferentia1 

and the  presence of nucleated red c e l l s  i n  three of the nine 

There does not a.ppear t o  he any way i n  which such findings could be 

The morphology of the  few ce l l s  t ha t  remained i n  the 

Such 

I n  the smears obtained by the- Join% Commission, such sells wem also 

This t=rpe of giant neutrophil has been described as occurring i n  the 

& Severe, Moderately Severe< and Eild Cases, 

The variations in the d i f f e ren t i a l  white c e l l  counts were much mme 

marked than the  changes i n  e i ther  the  red blood c e l l  count or the  white blood 

35 ( 6 )  35 
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VEKY s m  C4SB 

Absoluke nwabers in parentheses. . 
D I ” T I A L  WRII’E cI;u COUII’IS (after Makao) 

28 6 0 0 2 

8 50 30 4 0 0 0 

w-loa-I 50 0 2 0 .  40 

R-106J.9-I 50 0 

NUCLTSATED 
R.B.C. 

0 

h 

0 

(7) 

0 

0 

See also Table 2 
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cel l  count and it is almost impossible t o  offer a general descr,ption of 

any character is t ic  pattern, 

e t i c  and myelopoietic t i s sues  were affected, often t o  varying degrees, and 

when it is recognized that the radiosensi t ivi ty  of these various tissues and 

even of different  portions of  the s i x  t i s sue  m y  d i f fe r ,  it is  easy t o  un- 

derstmd hot: diverse the blood picture can be. Tho absolute numbers of all 

the formed elerilents of the blood were reduced and it is quite apparent that 

the d e p e e  of reduction of the several types of c e l l s  changed stezdfly. 

a lso apparent that theso changes were independent of one anothcr, 

mom, it i s  seen i n  the section on the bone inarrow and i n  the section on 

pathology that rcgeiieration comenced t o  some extent i n  clll ths hwxitopoict- 

i c  t issues  during the f i r s t  two weeks after exposure. The !iec;ogra m-y thus 

be considered as reflecting, a t  any given tine when an oxmination is  made, 

a balance betveen the effects  of dastruction of t h e  blood-forming organs ~ n d  

the e f fec ts  of the degree of regeneration which has occltxed, An insnection 

of the available d i f f e ren t id -  counts reveals instances diere  the pcrccntzgo 

When It is considered tha t  both the lpphopoi- 

It is 

Fwther- 

of lpphocytes  was QS p e a t  as 70% fo 90% sild other cases where the pi-ccntag 

of neutrophils was QS l i p g e  as 80% i n  pat ients  whose c l in i ca l  Sympt0i-x were 

v i r tua l ly  identical ,  

i n  the d i f f e ren t i a l  cow& i n  the cobse 'o f  one wesk, 

stances it is preferable not t o  attempt t o  present any s ingle  i~verege o r  

Usual pattern For the d i f fe ren t ia l  count. 

Other individuals displayed t h i s  mount of variation 
t 

Under these c i r c m  

Thc m d i c a l  reader w i l l  appreciate 

. the  f a c t  t h a t  roductiotz t o  vwying degrees of a l l  the formed olcxents of the 

blood was thc only character is t ic  fsaturc of the severe form of radiation 

sickness, 

l u s t r a t e  qui te  w e l l  the vmieble patterns tl1P.t OCCUT, 

In  Tables 12 and 13 a r e  shown IleTilogrms of %.pica1 cases which il- 



The tabulation of counts i n  Tables 21 and 22 however, displays some 

d i s t i n c t  trends and sevcral . interest ing features,  

present the r e su l t s  i n  severe cases a t  a l l  stages, togzthcr with moderate- 

It is  convenient here t o  

l y  severe and mild cases. 

of the  first d i f f e ren t i a l  counts recorded on the Joint  Cornmission quostionn- 

aires, The emminations made pr ior  t o  the 7th and 8 th  week were t r a c r i b e d  

from Japanese records. 

i n  "exposure groups A and 

Sects inchded  anyone who was ouMoors, unshielded; or  i11c1,oors, inside a 

The values shown i n  the tables  m e  the averagt:l:s 

The pat ients  whose counts are included d.1 belong 

(See S t a t i s t i c a l  Soct?on). This c lass  of sub- 
J 

wooden building; and who was within 1500 meters of the center; plus those 

people who were i n  heavy buildings within 1000 meters of the  center. The m2j- ' 
. 

o r i t y  of these persons undoubtedLy receivod s i m b l c  doses, 030 gama rqm; 

and the f a c t  t ha t  a d i f f e ren t i a l  count was Made is  rczsonable evidence that 

tha t  person displayed some evidence of radiai ion injury, 

number of counts fron pat ients  whose locat ion and shid.ding m s  adeqwtzly 

recorded, it is necessary t o  group together casos of d i f fe r ing  oevcrity. 

Because of the anal l  

In  the tabulation of the average absolutc d i f f e ren t i a l  coiliits, it m y  

be seen thnt  the average number of lymphocytes w a s  less than norroal througl'l- 

o u t  tho entire period of 12 weeks after tfic bornbing, 

i n  cach of sevcral-time periods 'where t 

ceeded 2600 per cubic mill ineter,  

pationts from each c i t y  i n  

The number of ins tmces  
> .  

r- 

- 
- -  

I 
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I TABLE 23 

e 

i 

. /-\ 
W 

PER CENT OF DIFFE3ENTIAL COUNTS IN VHICH Tm ASSOLUTE NUPBER OF 
LYMPHOCYTES WAS MORE: THAN 2600 

(Exposure Groups A eL B) 
- ---- - 
HIROSHIMA TIME - NAGASAKI 

5*5% 2-6 weeks 0 

20*3% 7-11 weeks) 
1 

25.5% 12 plus " ) 
20.4% 

After the L2th week i n  each ci ty ,  an increasing number of absoltitc 

counts were found t o  be normal. 

is  some vmia t ion  between the patients from each 

of the Hiroshima group appear t o  haw recovered less pronptly than the 

ones f r o 3  Nagasaki. 

It can be'seen i n  the tables  th2.t thcre 

c i ty ,  The ljnphocytes 

In the Tables 21 =id 22 the trend toward recovery of the avorage nun- 

ber of granulocytas is  seen t o  occur more rapidly than t h b  lymphocytcs. 

Thus, i n  the Nagasaki gsoup, the averrtgc vc.luo f o r  polys was i n  excess of 

normal (3900 per cubic millimeter) during mci after the  8th week. In thc 

case of the Hiroshfm pat ients  the polys wcre i n  excess . of normal during . - 
and af tm the 9th week, The actual  perccntagd of pat ients  fron each c i t y  

t o r  th2.n 3900 i n  each of severd  .bine 
I 

poriods. is  shown i n  
. 

i 

i 

* 
- c  

I 
J HIROSHIMA* I 

. .  

34.6% 
43.2% 



The average absolute numbers of the basophiles andathe monocytes var- 

ied i n  approximately the s m c  mnner as the  polys, 

forms has been disregarded i n  t h i s  discussion, because the  average values 

fo r  t h i s  t y p e  of c e l l  were not r e l i ab le  i n  t h i s  study. 

The behavior of the s tab  

It is  quite apparent t h a t  a general reduction i n  the absolute nunbers of 

each type of  c e l l  occurred a f t e r  irradiation. 

spic&ous ft?aturo of the d i f f e ren t i a l  counts from a l l  types of pat ients  with 

c l in i ca l  evidence of radiat ion injury, 

f e ren t i a l  counts of a group of pat ients  a r e  ctvers?ged there i s  seen t o  be a 

f a i r l y  smooth progression of values. 

percentages often varied Lmwkedly f r o n  b y  t o  day. 

This i s  the constant and con- 

When the absolute values f o r  t h e  dif-  

In the individual czses, however, the 
, 

The s i tua t ion  i l lus  tmt- 

cd i n  Tables 21  and 22 is  qui te  representative, and them docs not cppcar t o  

be any reason t o  present any of the several  S i E l l  s e r i e s  of d i f f e rcn t i a l  

counts t ha t  a-re included i n  sone of the c l in i ca l  reports,  A l l  ,show the saiie 

trends, although nom of  the ones tha t  a rc -ava i lab le  give a clear  indication 

of the length of  t i n e  rcquired f o r  tho averege lpphocyte  and poly count t o  

re turn t o  norm1 levels.  

Among the  intercsti i ig features of  these ta3les a re  the s e r i a l  chsnges 

i n  the percentage o f  eQsTnophiles i n  the d i f f e ren t i a l  counts. 

stances were obsarvtri where the eosinophile count was as high as 68% 0-nd i n  

riany cases the values were i n  ezcess of 20$, There i s  no apparent reason 

f o r  the  occurrence of higher degrees'of eosinophilia i n  the patients f ron 

Nagasaki as conpared with those from Hiroahim. 

by Ueda and Nikaido-at the Shinkozen Xedical Aid Lospital i n  October and 

Individual in- 

The eosinophilia was studied 

t 

November (Appendix 4N, 25), 

amined were divided in to  2 ,goups: Those with ,!re than 10% eosinophils, 

The d i f f e ren t i a l  c o d t s  of  all the pat ients  ex- 

I 42 u ( 6 )  I 
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and those with less, 

tha t  the incidence of eosinophilia i n  excess of  10% was greatest  i n  the 

The r e su l t s  a r e  shown i n  Table 25, It can be seen 

group with the c l e a n s t  evidence of radiat ion injury, It is  shown i n  the 

section of the bone narrow t h a t  i n  many of  the t i s sues  obtained during 

October ( i ,e ,  , 8th  t o  12.W week), eosinophilia was a cormon finding. 

significance of thPs tenporary condition is not known, 

The 

Studies o f  pn.-- 

t i e n t s  receiving Roentgen therapy have shown blood eosinophilia froquently. 

There i s  general. agreeaemt i n  the  reports i n  the l i t e r a t u r e  t h a t  the propor-5on 

of these c e l l s  nay r a g e  from 10 t o  25 per cent during the period of several 

wccks-after treatment, 

pat ients  rcmains t o  be determined, 

. 
The reasons f o r  the la rger  percentages i n  the boxbcd 

TABLE 25 -- 
NAGASAKI 

MO1)ERATELY SEVmE AND MILD CASES 
.I--- 

Iwidenctl of Blood Eosinophilia 
-I” 

MAXIMUM 
EOSJMOPHILW 

OBSE3VED 
Per Cent Per Sent 

--- NUEIBJB EOSINOF”ILL4 IN EXCESS OF 10% 
-_I_ - TYPE OF PATIEJJT _I 

Radiation in jury  with 
epilation. 

Patients without 
opilction, * 
Uninjured residents of 
Nagasaki 

Controls fron out- - 
side the  city.. 

- Number --- 

50 38 75 39% 

40 54% 

40 22% 

u% 
_ -  

20 

-of the ie  pat ients  had! c l in i ca l  evidence of radiat ion i n j i a y p  others 
had wounds and/or burns. The tabulation is unsatisfactory became 

diagnosis.of-radiation injury had not been form- 

43 (6 )  43 . 
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MORPHOLOGY 

The most constant-abnormality of the Mrphology o f ' t h e  leukocytes 

on the s t a i m d  blood film of pat ients  with the syndrome of radiation in- 

jury during the period of recovery was seen i n  the neutrophils. 
k 

Marked tox- 

i c  'granulation and even occasionally toxic  vacuoles were observed. 

finding can undoubtedly be a t t r ibu ted  i n  par t  t o  the infections which occurred 

This 

3 

i n  almost a l l  patients.  

right was seen as recovery progressed. 

A s  might be expected, a progressive shif t  t o  the -. 

The fa i lu re  of t h i s  to occur o r  the 

persistence of the  le f t  s h i f t  of the ear ly  stages w a ~  observed i n  pat ients  

whose convalescence was protracted o r  unsatisfactory. 
I 

The ordinary lymphocytes of the blood: the small, medium-sized and 

lmge forms, did not display any morphologic a l terat ions.  

ing lymphocyte, however, was seen i n  a considerable number of the cases. 

An abnormal-appear- 

. -  
This c e l l  had the general appearance of the atypical  lymphocytes which a re  

seen i n  infectious mononucleosis. 

plasm, some had abundbt, non-granular, palely basophilic cytoplasm which 

, i  

It was large w i t h  a variable type of cyto- 

tended t o  s t a i n  a deeper blue a t  the margi-n. In others the cytoplasm was 

-more generally basophilic, often flocculent and in  some cases contained vacu- 

oles and azure-f i l led granules. 

l a t i on  t o  the s i z e  of the  cell ,  was excentrLcally located, and was rarely 

inGented. 

l i t t l e  contrast i n  color between it and the parachromatin. 

The nucleus w a s  comparatively small i n  re- 

The chromatin was arranged i n  rather coarse bundles and there was 

The general ap- 

pearance of the nucleus was homogeneous and nucleoli  w e r e  rarely seen. A 

* similar  type of c e l l  w a s  observed i n  smears of marrow obtained at  biopsy i n  

approximately one-half of the preparations from Hiroshima and one-third of 

the preperations from Nagasaki. 

% 
Y 

I 

I n  one series of cases where the percentage 
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of these abnormal lymphocytes was recordsd, they were obscnred in the  blood 

smears of a p p r o h a t e l y  one-fourth of the  patients,  The d e t a i l s  of the obser- 

vation a r e  shown i n  Table 26, In  t h i s  table the  group labeled "No Eadiation" 

was forried on tho basis of tc1ntative c r i t e r i a  used during the study i n  Japan, 

Since more than two-thirds of  these pc t i sn ts  were severcly burned, as shown 

by the f a c t  t ha t  they were s t i l l  i n  tne  hospital  i n  October, tho pcsuxpt ion 

i s  strong t h a t  many of them were examples of the moderately severe or mild- f o r a  

of r a d h t i o n  sickness, 

typa referred t o  here as a b n o m l  lpphocytcs  were seen. 

the nbnormal lynphocytes are shown in Figures 4 ,  5 and 6. 

tho finding of these c e l l s  is  not known with certainty,  

ence i n  the bono marrow, spleen and lyriph nodes of  shiltlr ce l l s ,  i t  i s  not 

unexpected . 

.In a group of over 50 control subjects no cel ls  of  the 

Typical exmphs of 

The significance of 
* 

I n  view of t h G  pres- 

TABLE 26 

EJCIDENCE OF ASNOR~U LTMPHOCYTIS IN THE 
STAImD BLOOD FILM 

NUMBER OF PATXELWS 

With diagnosis of 
Radiation Sickness- ', 204 66 

With no diagnosis of  
Radiation Sickness 29 177 

I__ 

Totah  381 95 -25% 
\ 
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Monocytes were n o m 1  i n  appearance. It was i: matter of some in t e re s t  t ha t  

monycytosis w a s  not observed. 

soned from analogy with the rzgranulocytic mgim of  the Schul-tz tjqx where z-iono- 

Cytosis is EL dis t inc t ive  feature of the recovery stage, An occasional histocyte 

It was cxpectcd by some of the observers, who rea- 

w8-s seen i n  sone of , the blood films, one example of which is shown i n  Figure 6, 

In  view of the large numbsr of these c e l l s  i n  the narrow, the escape of a. few 

in to  the blood is  not unusual: 

Plasm. ce l l s  were .seen i n  many instances but usuktly i n  s~a11 nw;ibers, ono 

These c e l l s  also were present i n  la rge  num- 
c 

or  two per 100 white blood ce l l s ,  

bers i n  the 

t ien ts ,  and the appearance i n  the circulat ing blood of small numbers of then 

marrow, splecan, lymph nodes and o ther - t i s sues  of the irradiated pa- 

should occasion no surprise, 

8 -  After exposure t o  injurious amounts of g k a  radiation, the leukocytes of 
* the ci rculat ing blood undergo a typical se r ies  of changes: 

.@ 1. In  the patients who received der in i te ly  l e t h a l  doses of g m a  rays, a 

leukopenia of 1000 pei? c m  o r  l e s s  m y  be apparent within 24 t o  36 hours and be- 

come progressively more marked u n t i l  death, 

appear from the circulatXan and white ce3.1 counts of l e s s  than 500 per cna were 

the rule. 

The white ce l l s  may completely dis- 

2, I n  patients who received 

LD-50 (the more severe c 

count declined :slowly af 

.. the 3rd t o  4th.weeks. I 

a t ion  i n  Table l), the leukocyte 

reached the minimum l eve l  during 
\ 

cmm i n  morc than one-half-o patients before death occurred, - In  those who 
, e  

a survived, the depl counts below 500vere observed - 
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i n  only a f e w  patients.  

occurred i n  the fourth week. 

I n  the survivors the lowest white counts generally 

3. I n  the patients who received def in i te ly  sublethal doses of gamma 

rays, the  leukopenia occurred but the average count i n  the 4th week, when 

the lowest level  was reached, ranged from 1500 t o  2500 per c m .  In  t h i s  

e- * 
i s  

L 

. - 

type of patients, white c e l l  counts below approximately 1500 were not seen. 

11. The length of time required for the white count t o  return t o  norm1 

levels  was about 4 weeks on the  average f o r  the pat ients  of e i the r  c lass  who 

recovered. 
1 

5. The d i f f e ren t i a l  count revealed that lymphocytes were reduced i n  

absolute numbers from the time of the first observation (2-4 weeks) u n t i l  ap- 

progimtelg the 12th week. The polys were a l so  sediiced'in absolute numbers 

from the onset u n t i l  approximately the 8th-9th week when the average value 

returned t o  normal. A s h i f t  t o  the l e f t  of the granulocytes was present ear ly  

i n  the course of the disease. 

6. There was no blood picture which could be called pathognomonic fo r  

any stage of the disease. 

7 .  The average percentage and the absolute numbers of eosinophils in- 

.. . . , _  

: . . ,  
~ . .  . . .  

w 

I 
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Blood Pla te le t s  -- 
The amounts of X-rays that a re  used i n  &mgyseldom have any serious 

influence on the number of p la te le t s  i n  the circulat ing blood although OC- 

casional cases have been reported where a thrombocytopenic purpura was ap- 

parently produced. 

observed a marked or prolonged e f f ec t  on these elements, I n  one ser ies  of 

experiments with dogs expsed  t o  an amount of Roentgen radiation, approxi- 

mately equivalent t o  twiQe tlrie LD-50 f o r  dogs, (1) the p l a t e l e t s  were vir-  

t ua l ly  e l M n a t e d  from the blood and purpura was comcencing a t  the time of 

death, 7 t o  11 days a f te r  i r radiat ion,  I n  human beings receiving Roentgen 

In experimental animals only a f e w  investigators have 

tPserq@, the p l a t e l e t  count i s  frequently considerably increased a week or 

two a f t e r  treatment and f o r  t h i s  reason some radiologis ts  have used X-rays 

i n  thb treatment of thrombocytopenia of various sor t s ,  Because of the small 

amount of information i n  the 1 - i t e r a t ~ e  on the behavior of thrombocytes i n  - 

subjects receiving large doses*of ionizing radiation, the changes which oc- 

curred i n  the Japanese were of considerable in te res t ,  

(1) Very Severe Cases, 

P la te le t  couilts were recorded for on ly  2 of the cases of t h i s  type 

studied i n  Hiroshima, 

on pat ients  who died on the gth-and 9th days respectively, . The t o t a l  number 

They were both made on the 6th day and were performed - ,  . -  

of p l a t e l e t s  per cmm were:' 87,400 and 64,500. Cutaneous @pura was not 
. A -  , .  - 

present i n  oither.case. Among 20 pa'tients i n  one 

vere form of the syndrome of radiat ion sickness who died during- the -first 

10 days.after the bombing, e 

amount of purpura evident ii 

-. J 

-' 

neous purpura was recorded-in o 

e viscera a t  autopsy, howeverg was variable 

j .  .. 

- 
and was seen with different, frequencies i n  the various autopsy se r i e s  from 

- 
(1) Shonse, Warren & Whipple, loc,  c i t ,  



each city.  

(2) Severe Cases, 

Extreme thromboc-fiopenia was one of tho s t r ik ing  character is t ics  

of the syndrome i n  the severely affected patients,  

the occurrence of t h i s  f inding i s  included i n  the Nakao report .  

The most useful data  on 

I n  the group 

of f a t a l  cases, p l a t e l e t s  were counted a% some time i n  the period of the 

th i rd  t o  the s ix th  week i n  14 of the 25 patients, ,  (see tab le  27). 

of t h o  l/+ were found t o  have fewer than 259000 pla te le t s  per cmm. 

Twc?lve 

I n  tho 

group of 29 non-fatal cases of the severe type, p la te le t  counts were performed 

on 24 during the same time period. 

25,000 per cmm, 

Five of these 24 counts were lower t - b n  

theete counts is shown i n  Table 28, The d is t r ibu t ion  of a l l  

Among the pat ients  with the severe type of radiat ion injury studied at the 

Kyushu Imperial University (Kusunoki Clinic) 11 of 17 had platel-et counts less 

than lOO,OOO; and 7 of 17.were l e s s  than 25,000, Tho 4 fatal  cases were i n  

t h i s  l a t t e r  group. 

A sevcre hemorrhagic s t a t e  with purpura, melena, epistaxis,  hematuria 

and metrorrhagia developed I n  many of the  patients.  

cribed i n  d e t a i l  i n  the c l in i ca l  section. It i s  unfortunately true tha t  any 

attempt t o  demonstrate a relationship between the degree of thrombocytopcnia 

and the hemorrhagic s t a t e  is .hampered 6y-the f a c t  t ha t  - in general p la te le t  

Counts were only performed 

This s i tua t ion  is  des- 

t i e n t s  with purpura. There is no doubt t ha t  

purpura had t 

a t e l e t  counts 

but there -is no large amoimt of 
i 

rradiated- pat icnts  who -did not have c l in i ca l  

purpura. It seems reasonable t o  sa t ha t  the hemorrhagic 

associated with, o r  occurred concur 

not  possible t o  s t a t e  the 
. .  

ee of thrombocftopenia t,&icli was invariably 

associated with purpura; o r  f o r  how long a period of t h e  thrombocytopenia 
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existed before the  appearance of purpura. 

( 3 )  Moderately Severs OT ‘Mild Cases, 

The r a t e  of re turn of the platelet count towards normal cannot be 

c i ted  f o r  any group of pat ients  but a number of s e r i e s  of cases a re  aveilable 

where p l a t e l e t  counts were made a t  d i f fe ren t  periods of time af te?  the bomb- 

ing. There is a high degsee of var ia t ion i n  the resul ts ,  par t  of vhich may he 

due t o  the technical methods used and par t  of which i s  undoubtedly exp2.aiiiabJ.e 

on the basis of the sampli.ng, 

one a fair idea of the rate of recovery i n  typical  instances. 

l i s t e d  4 ser ies  of patients showing the percentage of cases i n  which the pJ-ate- 

l e t  counts were l e s s  than 150,000 (approxhztoly one-half the average normal 

values) a t  the time of the study. The values f o r  the Sawada Clinic a r e  open 

The cas0 records, (See tab le  12 and 13) give 

In  Table 29 w e  

t o  question for it vas observed t h a t  a l l  the thrombocyte counts perfoi-med 

there wero approximately .50 per cent higher than the usual values, The other 

se r ies  are probably qu i te  :rzliable, Distribution of blood p l a t e l e t  counts f o r  

the Hiroshima se r i e s  for  October and November i s  shown i n  Table 30. I n  Table 

31 the averages fo r  p la te lo t  counts performed i n  the b a  Naval Hospital i n  

October and November (10 t o  15 weeks a f t e r  the bombing) on 3 classes of pa- 

t i en t s  are listed. 

radiati.on sickness the average number of thrombocytes is less than i n  the 

group of patien%& convalescing from wounds and i n  whom there was some doubt 

whether they had ever beer? injured by the  gama radiation. 

jured group had been burned or had epilated. 

white counts less than 4OOO and none had ever exporienced any of the character- 

i s t i c  symptoms of radiation. sickness, 

the mean p la t e l e t  count i n  t h i s  group is less than one would expect i n  a 

The tabulation demonstrates t ha t  i n  persoiis with def in i te  

None of t h i s  in- 

None had been found t o  have 

In s p i t c  of t h i s ,  it is  apparent t h a t  
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group of wounded persons. A hemorrhagic tendency occurred i n  the moderate- 

l y  severe and m i l d  tyrpes of cases but t o  a less  s t r ik ing  extent than i n  the 

severe group. 

pat ient  are presented i n  the c l in i ca l  section. 

The de ta i l s  of the purpuric manifestations i n  this  sort of 

(4)  Morphology. 

There do not appear t o  be any changes i n  the morphology of the 

blood p l a t e l e t s  in the pat ients  w i t h  gamma ray injury. 

Sl.lMMFX 

1. After exposure t o  large doses of gama rays, the blood p la te le t s  

a r e  decreased i n  number. 

2. Thrombocytopenia was present t o  a s ignif icant  degree within one 

week. 
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TABU 29 

CONVALESCENT SEVERE, MODERATELY SEVERE A?JD MILD CASES 

INCIDENCE OF PLATELET COUNTS BELOW 150,000 

PLACE - DATE OF STUDY 

15-30 September Nagasaki 

NO. EXAMINED NO.’WITH PLATELETS 
BELOW 150,000 

18 3 & ~~ 

. (Sawada c l in ic )  

October-November Hiroshima 

October 

November 

28 

Nagasaki 
(Omura Naval Hospital) 90 

Nagasaki 
( @ w a  Naval Hospital) 66 

A l l  Oct,ober, November 
Cases 18b 

16 

TABLE 30 

CONVALESCENT SEVERE, MODERATELY SEVERE AND MILD CASES 

DISTRIBUTION OF BLOOD PLATELETS I N  OCTOBER AND NOVEMBER 

HIROSHZM 

Less than 50,000 2 

50,100-100,000 8 

100p0-1~0,000 8 

150,100 - 200,000 
Over 200,000 

T o t a l  

5 

5 - 
28 

34 

16 

66 

- % 

36 

57 

38 

25 - 
36% 

,- , 
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TABLE 31 

CONVALESCENT EZWEU3, MODWTELY SEVERE, AND MILD CASES 

AVERAGE PLATELET COUNTS, OCTOBER - NOVEMBER 
OMURA NAVAL HEPITAL - 

2. Radiaticn Sickriess plus 
burns ar,d/or wounds 

3. Wounds only* 

NAGASAKI 

- CLASS OF PATIENT 

1. Radiation Sickness o n l p  

NUMBER 
BLOOD PLATELETS 
AVERAGE COVNT 

11 187, ooo 

90 176, ooo 

55 213,000 

'AThese pat ients  had no other injury except by gamma rays. 

WThese pat ients  were al.1 inside heavy buildings and the majority were 
fa r ther  than 1500 meters from the  bomb. 
i s t i c  symptoms a t t r ibu tab le  t o  gamma ray injury. 

None had burns or  any character- 

. .  

. .  
. .  

. .  

. .  . .  

. .  . -  
. .  

. I  
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. .  . .  . 
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BLEEDING TIME, CLOTTING TIME, AND CAPILLARY FRAGILITY. 

(1) Very Severe CaseL 

There are no records available of the bleeding t h e  and c lo t t ing  

time of patients who died during the first two weeks a f t e r  the bombing, 

some of the c l in i ca l  records there i s  evidence that a hemorrhagic tendency 

was dcveloping i n  t h i s  c lass  of patients. 

In 

In  a group of 20 patients of t h i s  

type on3.y one developed purpura prior t o  h i s  death. 

(2) Severe Cases. 

Thc severe purpura tha t  occurred i n  cases of t h i s  type pronpted 

the attending physicians t o  measure the bleeding time and the c lo t t ing  time 

i n  many instances. 

not sui table  f o r  analysis. 

hemorrlw-gic s t a b  should include the following tes t s ,  i f  a precise diagno- 

sis is t o  be made: 

U-nfort'unately, much of the data were inccmp?.ett! arid were 

An adequate investigation of any patient with a 

1. 

2. 

3. 

4.  

5. 

6. 

Bleeding time. 

Clotting time, 

Prothrombin time. 

Description of the re t rac t ion  of the clot. 

Estimation of plasma fibrinogen, t o t a l  plasma protein, scrm c'd- 
cium and plasma ascorbic acid, 

Determination of capi l lary f r a g i l i t y  by the Rmpel-Leede' s method, 
or by some vacuum method of producing petechiae. 

. 

. -  

are no case r ec  

formed on a single patient 

all the  t e s t s  except the prothrombin time were perfomed on some ser ies  of 

patients, so tha t  a composite r e s u l t  is  available. 

a&ilable where d l  those studies were per- 

even i n  ass*d1< &roup of p t i en%s ,  - Actus;lly, 
. ,  - <  

. 

The chemical s tudies  
/ 
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were performed on a mixed group of convalescent severe cases, and convales- 

cent moderately severe cases and will be mentioned i n  the appropriate sec- 

t ion,  

A se r i e s  of cases whfch i l l u s t r a t e  the features of the hemorrhagic s t a t e  

is shown i n  Table 32a. These pat ients  were studied by a group of hematolo- 

g i s t s  from Kumamoto Medical College and were selected f o r  study on c l i n i c a l  

grounds , 

TABLE 32a 
IUGASAKI 
N 

' SE3ERE CASES - 4-8 SEPTE3BB - 
STUDY OF HEMORRHAGIC TENDENCY 

Tota1 ,mi to  Cell Count: Less than 1000 - 

3 ' 30" - - .  - 
Whits Cell Count: 1000 - 2000. 

16130" 

W.B.C, 
100 
250 
350 
550 
5 50 
850 
300 
500 
650 
650 
675 
800 
850 
900 

1050 
1450 
1.700 
1900 
1900 

2400 
2500 

. 3000 

Only the most severely affe'cted were jncluded in t h i s  group. 
t e s t s  were' carefully- performed, 
a f t e r  a tourniquet had been applied f o r  3 minutes. Bleeding time was measured 
by Duke's Me%W, and the normal value f o r  S&pmose was said t o  be from 3-5 

The special  
The Rumpel-Lecdef s phenomcnon was sought 
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minutes. 

values i n  Japanese ,range :from 5-10 minutes, 

were not made on t h i s  group; 

low values i n  Tables 27 and 28 where 15 of 36 cases had p la te le t  counts of 

less than 259000 per cubic millimeter; and only 3 of 36 were higher than 

150,000, 

ns well as the important f a c t s  tha t  both the bleeding time hnd the clottilrg 

time are prolonged; and tha t  the Rumpel-Leedefs phenomenon does not appear t o  

be clos,ely related t o  any single factor.  

surements of bleeding time bf patients i n  the On0 Hospital, Hiroshima, 

tabulation demonstrates the inconstant character of the changes i n  blecding 

t h e .  

Clotting time was measured by the Sahli-Fonio method; and normal 

Unfi”ortunately, p la te le te  counts 

but the reader may r e c a l l  the dis t r ibut ion of 

- 

Table 32n i l lusltrztes the marked var iab i l i ty  of the various factors,  

In  Table 32b examples of  the nea- 

This 

TABLE 32b 
HIROSHIIVIA 

SEVERE CASES 30th - 34th D E  
Study of Hamorrhagic Tendency 
UI 

Total White Cell Count: 

BLEEDING TIIB 

Less than 1000, 

mc EPILATION CAPILLARY RESISTANCE)+ - YU--_L. 

16!30f* 540 - 
- 

-180 

. -250 
-24.0 a 

-22q. 

C~ 

- .  

2’00‘; - - . -240 

*In rmn Hg negative prcssuro, t o  produce petechiae, 



An interest ing study was 'made i n  the I Medical Clinic, .Ecyushu Imperial 

c 

University, where the-hemorrhagic tendency i n  7 pat ients  with the  non-fatal 

form of severe radiation injury was tes ted  s e r i a l l y  over a period of 5 weeks. 

I n  t h i s  c l in i c  the c lo t t ing  t i m e  was measured by the capi l lary tube method, 

normal values f o r  which were sa id  t o  be 3'00 t o  4'00. 

i n  Table 33. 

The resu l t s  are shown 

33 

NAGASAKI 
SEVERE CASE 

STUDY OF THE HEMORRHAGIC TENDENCY (7 Pat ients)  

A?BNGB YALWS 
WEEK-- Z W B T S  B W I N G  CL!ZULTW CAPILLARY FRAGILITY 

IXFRACLAVIC'ULAR IlTKE3 ASPECT 
E$.GIIoN 03- -mi 

- -- TIME B Q ? X ! E  I- - 
4 105,000 i2'45" 6 30" 16.0 16.5 
5 81,300 8 ' 2 0 ~ ~  6'45" 17.3 16.6 
6 90,800 4'00" 5 ' 30" 18.8 19.6 
7 82,000 2'45" 5 15" 22.0 22.2 

3 00" 4 30" 23.5 23.5 8 75, ~ 0 0  - (more than Normal .- (250,000 2 00" 3 ' 00" 
(300, ooo 3'00~~ klOO" Approx . (25-26 

I 

The capi l lary f r a g i l i t y  was measured by a vacuum device, and the resu l t s  are 

recorded i n  uni ts  of negative pressure, presumably centimeters. I n  t h i s  

group of patients,  only 1 of the 7 had a posit ive Rumpel-Leede's t e s t .  

There is no question of the f ac t  that a hemorrhagic s t a t e  was a charac- 

t e r i s t i c  feature of the  severe type of the syndrome of radiation injury. 

fortunately, the c l in i ca l  laboratory data which a re  available were not suf- 

Un- 

! 
f i c i en t ly  adequate t o  permit a description of the degree of abnormality of the 

various tests, which m i g h t  be used i n  studying such s ta tes .  'It is  a l so  not 

possible t o  characterize accurately the type of  purpyra which developed i n  the  

i r radiated &itisrxts. Accepting the incomplete information a t  its face value, 



Q. 
I 

. .  

'4 . 

. 

- .  

. 

there appears t o  be a close resemblance t o  the BO called toxic or  secondarg 

thrombocytopenic purpura. 

( 3 )  Moderately Severe and Mild Cases. 

Even less relia'ble information is  available on the less  severely 

affected patients.  The records frequently include reference t o  the  occur- 

rence of petechiae or  t o  gingival bleeding but there a re  few systematic re- 

ports of laboratory studies. By the time the Joint Commission arrived, no 

instances of purpura were observed except i n  moribund pat ients ,  most of whom 

were dying from infection of,'some sor t .  

in the Misao Clinic. 

f ac t  tha t  the symptom were less severe and appeared somewhat l a t e r  a f t e r  

the bombing than was the case w i t h  the pat ients  l i s t e d  i n  Table 34. 

One group of 12 pat ients  were studied . 
These were c lass i f ied  as "average" on the basis of the 

The 

averag6 blood counts i n  tihis "average" group in  the 5th week a f t e r  the bomb- 

ing were: 

Hgb - 6@; RBC - 3.09 million; WBC - 1870; P la te le t s  - 150,000; 
Reticulocytes - 0.58. 

TABLE 34 

AVERAGE CASES (NAGASAKI) 

STTJ3Y OF TEE HEMORREAGIC TENDENCY (12 Pat ients)  

CAPILLARY FRAGILITY 
WlBK - AF!PER PLATEUTS SLIXDING CLOTTING IITCRAC-- ---- I"E,-ASPECT 
BOMBING -- TIME - TIME 3 ULAR REGION OF AX!' 

4 121,600 4'15" ' 5'30" 17.5 19.0 

5 148,000 3 30" 5 00" 20.4 21.2 

6 182,000' 5 ' 00" - 22.7 24.0 - 

7 174,000 3'30" I k145" 24.5 25.1 

8 200,000' 3 '00" 4 ' 30" 26.0 
- 

26.0 

Only one-half of these pat ients  had exhibited fever of any degree and 
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a l l  of them recovered. The resu l t  of an examination of them f o r  evidence of 

a hemorphagio tendency i s  shown i n  Table 34. 

can be seen that the bleeding time and the p l a t e l e t  counts show the greatest  

difference; and that i n  t h i s  par t icu lar  series all the average values f o r  

bleeding time and clotti.ng time are  within the  l i m i t s  of normal. None of 

In  comparison w i t h  Table 33, it 

these pat ients  had c l in i ca l  evidence of purpura. 

than 15 weeks after the bombing, the bleeding t i m e  and c lo t t ing  t i m e  (capillary 

tube method) of 30 pat ients  convalescent from radiation injury and other 

in jur ies  was measured a t  the Omura Naval Hospital. 

mal, and the longest bleeding time observed was'4'30". 

t i m e  was 3'15". 

vious section. 

was 176,000. 

In  November, i .e. ,  l a t e r  

A l l  the resu l t s  were nor- 

The longest c lo t t ing  

These pat ients  were a l l  members of the group ci ted i n  a pre- 

The average p l a t e l e t  count f o r  t h i s  c lass  of  patient s t  Gmura 

SUMMARY 

1. In  the severe cases, the hemorrhagic state was a common finding, 

which was probably declining i n  frequency and severi ty  a f t e r  the 7th-8th week 

a f t e r  i r radiat ion.  

2. It appears from the material t ha t  hcs been presented tha t  i n  the mod- 

e r s t e ly  severe and m i l d  cases there w ~ s  l i t t l e  evidence of a serious hemorrhagic 

tendency , 

3. On the basis  of the laboratory report submitted by the Japanese it 

is seen that the  hemorrhagic s t a t e  i n  pat.ients with the syndrome of radiation 

i n  jury closely resembled the so-called "toxic", o r  secondary thrombocytopenic 
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CELL DIAMETER 

Fig. 1 (6)--Price-Jones1 
and for 20 patients with 
# NM 101.) 

curves for normal control subjects from Omua C i t y ;  
radiation sickness. See Figure 2 (6). (Photo File 

I 
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. 

Fig. 2 (6)--&ice-Jonest curves for two groups of residents of Nagasaki: 
Series A had no clinioal evidence of radiation disease. 
part of the city completely shielded from the gamma rays by the hills. (Photo 
File # NM 102.) 

Series X were in a ‘Y 

i 

62 



NUMBER . OF CELLS 
800 

750 

700 ' 

650 

6 00 

, 550 

' 500, 

450 

400  

* 

'Q 

350 

300 

2 50 

2 00 

I50 

I O 0  

50  

0 
. .  

CELL DIAMETER 
I 

Fig. 3 (6)--~omparison of Price-Jones' original normal curves, and t h e  normal 
con-krol subjects from Omura City. -.. (Photo File # NM 100.) 
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.. 

Fig. 4 (6)--Dahi, 20. Female. 1100 meters. Blood film, 25 October 1945, 
ehowingbaeophilic st ipplfng of erythrocytes, and an abnormal lymphocyte. 
X 1200. Omwa naval Hospital, Case # 3058. (Photo F i l e  # EM 133K.) 
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Fig. 5 (6)--Dohi, 20. Female. 1100 meters. Blood f i l m ,  25 October1945, 
showing abnormal lymphoc,yte IC. 200. Omura Naval Hospital- Case NO. 3058. 
(Photo File # NM 139K. ) 
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Fig. 6 (6)--Tuzino, 17. Male. 1100 meters. Blood film, 26 October 1945, 
showing his t iocyte  (reticulum c e l l )  and abnormal lymphocyte. X 1200. Omura 
Naval Hospital Case KO. 3058. (Photo F i l e  # NM 14011.) 
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Section 7 

STUDIES ON.BONE IkrlROI? OBTAINED BY BIOPSY 

Prepared by George V, LeRoy, L t ,  Col,, MC 

Data Collected by George V, LeRoy, L t ,  Col,, MC, Averil l  A. Liebar, Lt. 
Col,,  MC, Saniuel Be:rg, Major, MC, K, Nc&ao, MD, K, Kishimoto, MD. 

B - General. 
-0  

The examination of specimens of bone m a r r o w  obtained by biopsy is  Q well 

cstablishcd practice in the study of diseases of the hematopoietic system, 

The technique of s te rna l  puncture i s  simple and comparativdy painless, and 

is seldom followed by serious complications. In  tha case of patients suffer- 

ing f rom the effects  of large mounts of gama radiation, biopsy of bone mar- 

row yielded material which could be used by the cl inicians t o  determine: 

a) The nature and extent of the injury t o  the bone marrow; and 

b) The stage and tho dcgree of regeneration of the hematopoietic 

functions. 

A combined study of bone marrow obtained a t  biopsy and a t  autopsy has made 

possible a careful cytologic investigation of the manner i n  which the human 

t i s sue  reacts  a f t e r  destruction of the def ini t ive cells by gamma rays. The 

large number of specimens obtained i n  Japan hcs afforded a unique opportunity 

t o  study these fundamcnta3-vital processes on a broader scale than has ever 

been possible wlth huma ith lower animals, The 

general e f fec t  own: suf f ic ien t ly  large 

mounts des>r 

a re  reflected i 

Since the lymphop 

delivered t o  the 

The consequences of t h i s  

anuloponia . a d  c?nomia, 

such doses of radia-ti& 

eukopenia OCCUTS 

In the case of human subjects, thc scien%ific l i t e r a t u r e  containzd no 

precise information.on the following: 

a) The amount of ionizing radiation required t o  destroy a l l  the 
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def in i t ive  elements of the h o w .  and of the lymphatic t issues ,  

b) The amount of ionizing radiation required t o  destroy not only 

the def in i t ive  elements, but also the mesenchymal, o r  reticulo-endothelial 

elements, 

c) The rate a t  which definitiv,? c e l l s  disappear from the  bone mar- 

rowy the lymph nodes and the  blood a f t e r  amounts of ionizing radiation, as 

i n  (a) ; find as i n  (by. 

d)  The rate a t  which regmeration of any of these def in i t ive  d e -  

mcnts procoeds a f t e r  a dose of ionizing radiat ion of such magnitude that it 

can occur, 

e) The manner i.n which a ner.J marrow develops t o  replace the t i s sue  

destroyed by ionizing radiation. 

I n  the fol lowhg discussion of the bone marrow, cer tain points of view 

w i l l  be adhered to;  and it is  well t o  present them at this time: 

a) It is assumed, and u i th  good rmson, t ha t  there is a close para- 

l l e l  between the bone marrow obtained by biop- ..y and t h a t  obtained a t  au- 

topsy i n  a comyrable stage or" the reaction after i r radiat ion,  

ra t ion  of t h i s  section both types of material  were studied, and the conclusions 

that m a  offered are based on the colnbined study, 

ever, a r e  described i n  the section on pathology (See Section 8 )  becmse it 

seerred unreasonable 

the  t issues.  In  the 

marrow i n  a manner 

which occurred. 

I n  the prepa- 

The autopsy specimns, how- 

cmpt w i l l  be made t o  discuss the 

Standing the changes 

b )  It is assmed t h a t  the  specimen of marrow obtained by biopsy 
- 

from a given case is rezsonably representative of  that t i s sue  as a whole. It 



- - - - ~ .. -.- .. .... . .... ... .. . . . . . . . ... .. . . 

well recognized tha t  t h i s  i s  not always t rue ;  and it i s  possible tha t  d i s -  

crepancies were greater than usual i n  the victims of the atonic bomb. 

the less ,  the amount of material available is  SO large,  and the  responses are 

s o  consistent t ha t  nr, useful purpose i s  served by equivocation of t h i s  so r t .  

Never- 

c )  There should be ndquest ion of the  propriety of a j o in t  discus- 

sion of specimens from Hiroshima and Hagasaki. 

t e r i a l  i n  the two bombs was different ,  there i s  no reason t 9  think tha t  the 

Although the fissionable ma- 

type of gamma radiation varied s ignif icant ly  i n  quali ty.  

f c r  gamma ray injury was riot materially different  i n  the two c i t i e s .  

case, the discussion which follows t h i s  is not impnrtant because the major 

ernphmim w i l l  be on the type of reaction rather  than the  quantity of ionizing 

radiat ion responsible f o r  it. 

Material. 

The effect ive range 

I n  any 

The fnllowina material was available f m  examination: 

. Hiroshima 
--I_-- 

Bone marrow biopsies. . :. . . .I78 
Ser i a l  biqpsies.,.  ......... 2b 
Bone marrqw from autopsies. 32 (apprqximstely) 

I n  sp i t e  of the.fact  t h a t ' t h e  JnpRnese were awme of the  f a c t  tha t  gamma rays 

were emitted by the  sxplodlng bombs, and i n  sp i t e  of t h e i r  ear ly  recognition 

nf the  syndrome of radiatitsn i n j y y ,  few'specimens of marrow were obtained 

durinq'the first three weeks af$er the bombing. There a re  several reasons 

f n r  th i s :  r 

9 )  

and the  value of the marr 

b) During the  f i rs t  

. ,  

4 

I 

The nttending physicians were to?  busy t o  perform biopsies, 

rc,m autopsies nrtt f u l l y  appreciated. 

weeks most of $,he dQctors were A r m y  or 
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Navy surgeons and proper specimens were not obtained unt i l  the  research teams 

from the\ Medical. Schools arrived. 
.. 

. 
c) The mi l i ta ry  surgeons were less congcnid t o  the American doc- 

t o r s  than the University facul ty  members. 

with t h e i r  specimens and preparations, 

The latter were much more generous 

Whatever the reasons were, it is  regrettable tha t  tho material from the 

emly cases, io@., the  ones whose sickness and death occurred i n  August is 

re la t ive ly  scarce. Fron such cases, the following specinens of marrow are  

avcilable: 

Hirosh3-m Biopsy. . . . .2 
Autopsy. . . . . 07 
Biopsy.. *. .  . . .O Nagasaki 

Autopsy., . . . . .o r 

Technical Methodsd 
a ,  

The specimens of bone marrow were obtained i n  most instances by sternal 

puncture and i n  a few instances by puncture of the spinous process of a verte- 

bra. The Japanese doctors used a variety of needles and trephine needles, 

but i n  general seemed t o  prefer the simplest arrangement, One physician, Dr. 

MASlJYA of Kyushu Imperial University, obtained marrow from f resh  cadavers 

using a carpenter's gimlet and a small needle and syringe. 

row tha t  was aspirated 

quite sat isfactory i s  a 

nucleated c e l l s  was co 

were fixed with met s ta in ,  The= biopsies 

The amount of mar- 

l y  small, and the s l ide  preparat 

some cl i&& the nqlber of erf ibocytes  and 
, 

t h i s  was not don 

. e  

the 'exception that and then the film was 
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* -  

counter-stained with G i e m s a ,  

-I NOIvlElVCLATURE 

The science of hematology i s  complicated by the various systems of nomen- 

clature  that have been introduced, 

an e f fo r t  was made t o  determine which system they employed so  tha t  t h e i r  re- 

ports and c l in i ca l  records of early cases could be interpreted properzy. For 

the discussion tha t  follows it is desirable t o  present the nomenclature which 

w i l l  be employed; and i n  the  case of the  c e l l  with diverse names, 

i c a l  description of it, 

In discussions with the  Japanese doctors, 

the cytolog- 

blood ce l l s :  This term is applied t o  all stages of the 

types of c e l l s  t ha t  are found i n  normal blood, It is used spec i f ica l ly  f o r  a l l  

the members of the granulocytic series,  the erythrocfiic series (exceptj-ng the 

megaloblasts); the large, medium-sized and small 1ymRhocytes and the normal 

lymphoblasts; the megakaryocytes and platelets ;  and the ordinary monocy$e.s. 

(2) Reticulum: This t c m  is used i n  a general sense t o  include reticule- - 
endothelial c e l l s  of any type, macrophages, hist iocytes,  clasmatocytes, et,c, 

In  a narrow sense it is used t o  refer t o  the elongated s t e l l a t e  c e l l  with non- 

granular f a i n t l y  basophilic groimd-glass type of cytopbasm, with an oval, ves- 

icular  nucleus and small, inconspicuous nucleoli which appeared i n  large r~uill- 

bers among the fa t  ce l l s ,  and between the fa t  c e l l s  and sinusoids, and within 

the sinusoids of the marrow, 

were also designated r e t i c u l - 6  ce l l s ,  

Rounded, free forms of t h i s  same general type 

( 3 )  Reticular elements: This term is used i n  a general sense t o  desig- 

nate the various types of raticulum cell (as i n  2 above) as well as a variety 

of mononuclear c e l l s  apparently derived from, o r  at least exis t ing i n  close.  

proximity t o  the reticulum, 



(4 )  'Blasts: This term is  used f o r  c e l l s  with the following character- - 
i s t i c s  : 

basophilic. 

t o  variations i n  shape s o  long as thc chromatin threads m e  of f ine  qual i ty  and 

closely packed, 

reqirisite f o r  the diagnosis of 'b las t ,  

number or  shapq of the nuc!leoli. 

blastsff  from lflymphoblastsll o r  from ffmonoblastsft, 

imaature types of 'blast has been avoided. 

mediate between the typical  'blast of  normal marrow 

lum c e l l s  was encountered. 

depending on which character is t ics  preponderated, 

The cytoplasm is homogeneous, nongranular, comparatively scanty and 

The nucleus fis genera1l;r rounded, but no significance i s  attached 

The nuclom membrane is thin, Nucleoli are considered a pre- 

No significance is at t r ibuted t o  the 

No e f fo r t  is  made t o  distinguish %yelo- 

The use of special  namw f o r  

A regular ser ies  of stages inter-  

and rounded "freefr reticu- 

The c e l l  i s  designated as 'blast o r  reticvJ.um ce l l ,  

( 5 )  P r o ~ ~ e l o c y t e :  Th i s  term i s  applied t o  c e l l s  with the general spcci- 

f ica t ions  3f the 'b las t  (as i n  4 above) which have non-specific azurophile 

granules i n  the cytoplasm, 

(6) Myelocyte: This term is  applied t o  c e l l s  which contain the specific 

type of granulation: neuti~ophilic, eosinophilic or  basophilic as w e l l  as the 

nonspecific aaurophile granulm. In  practice it is convenient t o  consider tha t  

granules which are seen overlyzng t h e  nucleus are of the non-specific type. 

nucleus of such cells is gcrnerally more mature with coarse bands of deeply 

s ta ining chromatin and proninent nuclear membranes. 

The 

(7) Metamyelocyte: This term is 'applied t o  c e l l s  which-contain only the 

specific granulation, 

but not a necessary characterist ic,  

(8) Stab forms and Poly: 

of the-nucleus is  considered a desirable, 

- 

These terms are applied t o  the nonsegmented and 

segmented mature granulocyte, respectively, 



-(9) Lymphocytes: The characteristic sma.ll, medium-sized, and large 

lymphocytes that are seen in normal blood films should not cause any special 

difficulty in identification, 

pect to these terms. 

There is Little likelihood of confusion in res- 
G 

(10) Abnormal Lmphoc.ytes: This term is applied to a series of mononucle- 

ar cells of quite distinctive appearance, 

as small as 10-15 microns, others as large as 3540 microns. 

The cells a r e  of various sizes, some 
~ 

5 

The cytoplasm is 

abundant and homogeneous and contains either no granules or sfi~.ll. azuropliilic 

on&, In some instances the cytoplasm is clear and glassy with only  a faint 

tinga of basophilia, which tends to accumulatc as the periphery of t h e  ce3.1. 

In others, the cytoplasm is more basophilic, flocculcnt, or of a ground-glass 

appearance. 

philia (as the Tflrek-typo cell). 

also variable in appearance, but there appears to occur a definite series of 

types, 

chromatin occurs in rather large clumps o r  threads, and there is so little con- 

trast between chromatin arid parachromatin that the nucleus appears homogeneous, 

Vacuoles are infrequent, except in cells with very mrked baso- 

The nucleus of thc abnormal lpiphocybo is 

It is usually round, and excentrically located, At one extreme the 

A t  the other extreme the nucleus is vesicular, a h  the chromatin occurs in a 

fine meshwork, and there is somewhat more contrast  with the parachromatin. 

clcoli-are smaU and inconspicuous, and the nuclear membrane is fine. 

of the cells t o  which this designation is applied ape identical in appearance 

with the familiar "atypical. lymphocyte" of infectious mononucleosis, The di- 

versity of forms is even greater, however, in the material from the patients 

exposed to gamma radiation, In some instances : (see below) there is no doubt 

but that typical specific myeloid granulation developed in the cytoplasm of the 

"abnormal When this type of ce l l  is encountered, it is desipated 

Nu- 
- 

Many 
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a ltmyclocyte, 11 

(11) Plasma cel ls :  This term is used i n  the convention81 manner f o r  a 

whole s e r i e s  of mononuclear c e l l s  varying i n  s i ze  from10 t o  30 microns. 

cytoplasm is non-gramikw, homogeneous and strongly basophilic, and contains 

a pale region o r  a vacuo1.e adjacent t o  the nucleus. The nucleus is  always 

round and contains coarse bands of dark s ta ining chromatin, o f t m  arranged 

rad ia l ly ,  which e ~ ~ . . z s ~ s % s  sharply with the very pale parachronatin. 

goiw forms, one o r  two small pale nucleoli are seen. 

ind is t inc t ,  and the c e l l s  frequently contain t w 9  o r  more nuclci, 

any c e l l  which resembles the var ie t ies  of mononuclears t o  be seen in 

muI t ip Io  m;-loma i s  cdle .3  a piasma ce l l ,  

The 

In the 

The nucloar menbralie i s  

In  general, 

(12) Monocytes. This term i s  used i n  a conventional sense t o  describe 
v 

largo mononuclear c e l l s  with abundant pale, basophilic, lavendor, cytoplasm 

containing a variable number of f ine  azusophile granules. 

indented, o r  lobulated, and typical ly  has a folded appearance. 

occurs i n  moderately f ine  interlacing threads, r e l a t ive ly  widely spaced with 

dark nucleolus-like accumulat'ions . 
frequently contains vacuoles. 

ident i f icat ion,  and the use of the term was res t r ic ted  t o  very typ ica l  exmples 

The ~ u c l o u s  is often 

The chromlin 

The cytoplasm of' monocytbs i n  bone mrrow 

These cells often presented gres t  d i f f i cu l ty  i n  

(13) Histitocyte: T h j s  term is applied t o  large cells with abundant f inely 

granular, palely basophilic, ground-glass type cytoplasm. 

par t ic les-and ce l lu la r  debris is seen i n  many. 

w i t h  a f i n e  nuclear membrane. and a few small nucleoli. The presence of phag- 

ocytosed material i n  a large c e l l  always jus t i f ied  the designation of his t io-  

cyte. Obviously similar cells, but without phagocytosis are similar ly  la- 

belled. These cells are called macrophages, al ternat ively,  In  the diTferen- 

t ial  counts d 1  the rotictLar elenents recognizable as such are included i n  

Phagocyted'pigmcnted 

The nucleus is o v d ,  vesicular, 
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the  category of hist iocytes,  In  the discussion that follows, hist iocytes  are 

frequently grouped with ' ! r e t i c d m  

(l.4) Nucleated red cel ls .  The decision was made ear ly  i n  the study t o  

classifg the  nucleated red c e l l s  i n  a s5Xpl.e nanner. 

different ia ted only on the bash of whether they contzin hemoglobin: normo- 

blasts; or do not contain henoglobin: erythroblasts, 

Accordingly, they 

It wcs decided t o  

dist inguish megaloblasts, if found, i n  t h i s  manner: Very large c e l l s  wi'th 

abundant, dense1.y basophilic, nongranular cytoplasm; the nucleus is r o ~ d ,  

re la t ivdy  smll i n  proportion t o  the cytoplasm, has an ind i s t inc t  nuclear 

membrane, a ra ther  vcsictilcr nucleus with lacy chromatin, and inconspicuous, 

large, irregular nucleoli,, The ty-ne c e l l  is tha t  seen i n  pernicious aneinia 

i n  rdapse, and it was thought t ha t  typical ly  there should lie a s e r i a  of more 

mature hexoglobin-containing f o m s  v i t h  the c h a x c t e r i s t i c  nixclew, 

basophilic nucleated red ciclls were seen i n  abundance i n  the Japanese inaterial; 

Large 

but i n  no case tjere a l l  the  c r i t e r i a  fpr the designation of negaloblast sa t i s -  

f ied ,  

named 

hematologists. 

It seem l i k e l y  tha t  i n  these preparations, the m j o r i t y  of c33.ls s o  

would be called "pro-erythroblasts" o r  ltpronomoblz-stslt by nost 

The nost immature stages of the erythroblast are d i f f i c u l t  or bipossible 

t o  d i f f e r m t i a t e  frm fblas t s .  

t i f i c a t i o n  as a nucleated re 

the basophilic cytoplasm, the cozrse quality of t h  nucleus , the r$orc d i s t inc t  

auclear membranc, and the smaller, ind is t inc t  nuclei. 

I n  most instances, ,however, the basis f o r  iden- 

ce l l .  (erythroblast) is the gresltcr densitp of 

(15) M- The t e r n  i s  used i n  a cpnventioml mnner and the 
I 

ident i f icat ion is  not d i f f i c u l t  i n  snear propFations.  

multinucleoated ret iculun cells frequently make interpretat ion a problem, 

In  t issues ,  however, 
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Normal Values. 

The average values fo r  d i f fc ren t ia l  c e l l  counts of s te rna l  marrow ob- 

tained from norm1 Japanese subjects is  presented i n  Table I. 

f o r  Occidentals are  offered f o r  conpa-ison: 

SLxilar mlues 

TABLE 1 

JAPANESE 
AOTXOR ITY 

Nyeloblas t 

" Neutrophil myelocyte - 

Neutrophil mctaiyelocyte, 

i\Jeutrophil stab f o m  

.Neutrrophil po lywrphonucl.ear 

Eosinophil (dl stages) 

Basophil 

Lymphocyte 

Monocyte 

Histtocyte 

Plasma C e l l  

Erythroblast 

Normoblast 

Total Nucleated Cells 

Myeloid:&ythroid Ratio 

KOMIYA" 

1.8 

3.8 

5.1 

7.8 

16.6 

20.2 

4.2  

0.3 

16.8 

3.1 

1.0 

- 
3 00 

16.0 

100, OCO 

3:2 

1.4 

10.9 

8.7 

12.0 1 
1 

15.0 ) 

11.9 

4.3 

. - -  

17.3 

0.8 

0.2 

1.1 

6. 1 

10.0 

100,000-150,000 

4: 1 

2.0 

5.9 

12.0 

22.0 

20.0 

3.5 

0.5 

10.0 

2*0 

0.2 

0.4 

4.0 - 

IS, 0 

100 9 000 

3:1 

*Komiya-Text book of Hematology, published i n  J apn .  

**Misao, T.-Sec.appendix Referenco . This i s  a useful g r o ~ p .  The study 
was rmde i n  1945-of 28 normls,  f o r  conparison with the findings i n  the 
patients with radiation injury. 

**Wintrobe, MOM, "Clinical Hematology," Philadelphia, Lea & Febiger, 1942, 
Page 44. 
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Classif icat ion of the material: date of biopsy, 
-------11__1_---- 

In a general review of the biopsy material it was found that  it could be 

grouped conveniently on the basis of t he  t i m e  of collection. Th i s  d i s t r ibu-  

t i o n  is shown in  Table 2. 

NAGASAKI EJROSHIMA 
- 

c 

DATE - 
6 Augvst Date of bombing 

2 D u r i n g  August 

33 1-14 September 

L1 

19 

15-30 Septeniber 

October 

15 November 

' 0  December 

80 Total 

9 August 

0 

42 

6 

91 

,24 

15 

178 

Type of Patient . ---- 
With a very few exceptions, biopsy of sternal marrow was only performed 

on pat ients  with frank c l in i ca l  evidence of radiation injury, or on those i n  

whom it was a reasonable possibi l i ty .  

. 

For tha t  reason it is t o  be expected 

tha t  they were close t o  the center of the  explosion. 

pa t ien ts  i n  re la t ion  t o  t h e i r  approximate distance from the bomb is shown i n  

The d is t r ibu t ion  of the 

Table 3 .  

Total Nucleated Cell. Counts-. 
----I__-- - 

Counts of the nucleated c e l l s  in the  bone marrow obtained by aspirat ion 

biopsy were not made .in every case. A suff ic ient  nmber of representakive 

ones a re  available, however', to-  i l l u s t r a t e  the trend of this value in patient8 

w i t h  several radiat ion injur ies .  (See Table 5 ) .  The normaL value f m  Japa - 
nese is 100,000 t o  l5O,OOO per cubic millimeter. 
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TABU 3 

Q 
. -  

HIROSHIMA PI>TIENTS - I_ 

9 

36 

DISTANCZ - FROM BOMB, METE;RS 

0-500 

600-0c)~r) 

20 - 1100-1500 

2 1600-2000 

2 2100-2500 

0 2600-3000 

0 Not s ta ted 

NAGASAKI PATIEIJTS 

6 

23 

57 

21 . 
9 

4 

34 

The diagnoses which appeared i n  the c l in i ca l  records of the patients . .  
studied a re  l i s t e d  i n  Tab1.e 4. 

TPB5E 

D I G N O S  IS* 

-- 
NAGASAKI 

88% R~id ia t i cm injury 128 99% 62 

11 16% Burns 

56 43% 45 6&% Wounds 

13 8 Not stated 

I , .  

*The n&ber of diagnoses adds up t o  more than the number of case8 (See Tzble 

3)  becsuse many patients had more than one injury.  The percentage ( tab le  4) 

are calculated on-the basis of 129 pst ients  f o r  Nagasaki; and 71 f o r  Him- 

shima . 
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TOTAL NUCLFATE'D W R O W  CELL COUNTS 

HIROSHIMA NAGASP, KI 
! - 

NUMRER QF CASES i-:VEWIGE; 

1-l)~ September 
Range for Hiroshima: 

Range fo r  Xagasaki: 

--- 11,000 25 

i i o o  - 62,000 

809 - 40,900 

48 20,600 

,go, 000 14 1-31 October 
H w g e  f o r  Hiroshima 
v---- 168,000 11 

21,oo - 250,000 
Range for Nagasaki : 
~ G , O O  - 270,000 . .  

81, oco -6d 7 1-31 November 
Range f o r  Hiroshima 

- 1-17 December 
-Hz:nge f r)r Nagasaki 

29,500 - 150,000 

16,400 - 120,000 
15 60,000 
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DIFFI!RE&TIAL COUNTS OF BONE MARROW: GEERAL 

. .  

? .  

, 

It is  customary t o  report the r e su l t  of e m i m t i o n  of bone narrow 

The biopsy material i n  terns  of a d i f f e ren t i a l  count of 200-500 cel ls .  

preparations from the  victims of the  atomic bomb were a l l  studied and count- 

ed by the  same person t o  insure consistency i n  the interpretat ion end rc- 

cording of the counts. 

bers of cases, after calculating mean values f o r  each type of ce l l ,  t o  

Ideally, it would be desirable with such large nun- 

treat the  data s t a t i s t i c a l l y  i n  order t o  denonstrate the deviations f r o u  nor- 

mal. 

wry sat isfactory because of the wide variation i n  the  dis t r ibut ion of in- 

Unfortunately, such treatment of narrow d i f f e ren t i a l  counts is not 

dividual c e l l  types. 

standard deviations, and range of normal vcwiabi l i ty  fo r  each c e l l  type i n  

n o m 1  marrow are sham. or 

subt le  changes i n  the d i f f e ren t i a l  count of  narrow obtained by puncture bi- 

opsy need not be anticipated, and ccnnot be proved sa t i s fac tor i ly .  

This factor  i s  i l l u s t r a t ed  i n  Table 6 vhere the incans, 

It is apparent from the t a b d a t i o n  tha t  wall 

In sp i t e  

of t h i s  qualification, it; is desirable t o  p e s e n t  the r e su l t s  of the counts 

i n  appropriate groups, with mean values fo r  the various elements t o  f a c i l i -  

tate comparisons, 

The Type of In5ury. 

Throughout the e n t h e  study of the marrow, the focus of i n t e re s t  was on 
. a  

the  nature of the changes a t t r ibu tab le  t o  ionizing .radiation. Because of 

t h i s ,  patients were selected for biopsy because they presented Symptoms o t  

radiation injury, or because it was suspected t o  have occurred, 

subjects, however, had sustained other injur ies ,  or  had acquired conplicat- 

ing infections, or  suffered from malnutrition. Any o r  all of these factors  

Many of the 

.. 
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are theoret ical ly  capable of provoking reactions i n  the  marrow which might 

a l t e r  the pattern of injury or regeneration induced by the  gamma rays. Ac- 

tual ly ,  no such effect  wm f o d  when several groups of patients who were 

b i o p s i e  a t  similar times were compared. A typical sample of t h e  type of 

r e su l t  f rom t h i s  study is  shown i n  Table 7. 

it seems jus t i f i ab le  t o  collsider all the pat ients  together and t o  form 

grorrps f o r  comparison on the basis o f  the  time at which they were studied. 

The Time Realtionship, 

* On the  basis of t h i s  analysis 

The examination of the autopsy material has shown tha t  regeneration of  

some s o r t  can be seen i n  nearly every specimen obtained from pat ients  who sur- 

vived longer than approximately 7 days a f t e r  the bonbing. This observation 

is  i n  agreement with comparable animal experiments. 

I s  important t o  bear i n  mind that the  bone marrow ob ta ind  by biopsy rcprcsent- 

ed samples from regenerating marrow. -It is desfrable, thcreforz9 t o  stvdy 

the tempo as w e l l  as the nature of the regenerative process. Unfortunatc3.y, 

these considerations were not completely apparent t o  the Japanese physicians 

Because of this fac t ,  it 
. .  

.Q 

who performed the biopsies on the early cases, and f o r  t h i s  reason, specimens 

were not alwzys obtained a t  the most propitious times, 

ess of regeneration is best demonstrated i n  the matarial from Nagasaki. Xv- 

erage vczluw for  the d i f f e ren t i a l  marrow c e l l  count during cer ta in  intervals  

a f t e r  9 August are presented i n  Table 8. 

par t icular ly  i n  the .time-period 14.4 September, is not known in'every in- 

stance, so  tha t  it is necessary t o  include here the ones tha t  died with=the 

survivors. 

i n  the percentage of each c e l l  type as.rocovsry proceeds. 

values are considered i n  re la t ion  t o  the total .  count of nucleated ce l l s ,  it is  

The trend of the proc- 

The f a t e  of the  individual p t i c n t s ,  

. -  

Regardless of t h i s  fac t ,  there is a def in i te  progession of chznges 

then these Dean 

, 
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4 

7 

I 
7 02 7 e 5  3.L. 4*4 

802 6,6 

2,O .L . l  

4*4  . f j * ~ . '  

19 .O 25 -7 

20 10 

I 

*R: Radiation injury only. . ' 

RB: 'Xadiakion in jwy plus burris 
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Total Nucleated 
Cells (from table 5) 20,600 168,000 b0,O'W 1 



possible t o  visualize i n  FL general way the r a t e  of regeneration of the d i f -  

ferent  def ini t ive elements of the marrow. I n  the course of study of the 

material it w a s  found tha t  it wes very convenient t o  consider the marrow c e l l s  

i n  flnur broad groups: 

1) Myeloid411 -- the  member8 of the granulocytic series. 

2) Lymphoid-The small, medium-sized , large,  and abnormal lymphocytes. 

3 )  Reticular-The plasma c e l l s ,  monocytes, his t iocytes ,  and sll other 

4) Erythroid-The erythroblasts and normoblasts . 
frankly r e t i cu la r  elements. 

This type of grouptng, i n  addition t o  permitting an easier  comprehension of the 

general pat tern of divergeace from normal, can also be wed t o  calculate the 

Mye1ciid:erythroid r e t i o .  !Phis r a t i o  is a useful expression t o  indicate the re- 

la t fve  extent of activity'lnf each of these two v i t a l  systems. Using the s i m -  

p l i f ied  means of presentatj.on, the averilgeR of a l l  the d i f f e ren t i a l  counts for  

each c i ty ,  a re  l i s t e d  i n  Table 9 and are  shown graphically i n  figures 1 and 2. 

It  w i l l  be seen i n  Table 9 i n  the  time period: 1-14 September, f o r  the Hiroshim 

PatientR, t ha t  there i s  a division of the  average values on the  basis of wheth- 
c 

er the  pat ient  lived or  died. The difference i s  s t r iking.  Unfortunately, the 

records do not, permit.such a division of' t 

no good reason f o r  thihking t 

a lso  be noted t h a t  i n  the 

counts f o r  the two periods 5-30 September, and 1 

gether. This i s  qui te  proper since a considerati  

data from Nagasaki, but there is 

* I  

igure- 2 ,  all the  d i f fe ren t ia l  

October, :dre grouped to-  

e s imi la r i t i es  re s t r iking;  and tha t  the excess- 

' period: 16 1 October, was se in evidence 
._ 

From a study of the averages of the  d i f fe ren t ia l  c e l l  counts of bone 



... 
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R: Reticular; E: Erythroid ~fKomiya, See table 1. 



- 
marrow, cer ta in  general principles c m  be recognized which w i l l  not only aid 

i n  understanding the  reaction as a whole, but a l so  help i n  the interpretat ion 

of the findings i n  individual cases. These general principles are as follows: 

1) Regardleas of the ultimate outcome in  individual ceses, the group of 

pat ients  thn t  survived and were biopsied i n  the  period: 1-lb September, or 

39 t o  6 weeks a f t e r  the bombing, showed some evidence of myelopoiesis and 

erythropoiesis. Judging from the myeloid: erythroid ra t ion  the  re le t ive  amount 

of regeneration was approximately equal i n  each system. 

2 )  When the d i f f e ren t i a l  counts were claasif ied on the basis of whether 

the patient survived or died, there was a s t r ik ing  difference i n  the percent- 

ages of myeloid and argthroid c e l l s  af each group. I n  the m s e  of the former, 

the v d u e s  were 59.39 and 18.39 f o r  surviving and f a t a l  cases, respectivsly. 

I n  t h e  case of the erythroid ser ies ,  the values were 16.9 and 5.% respec- 

t ive ly .  It i s  known fromtastudy of the autopsy specimens tha t  prol i ferat ion 

of the  reticulum i n  the bone marrow occurred i n  v i r tua l ly  every patient who 

survived longer than 7-10 day8 a f t e r  exposure t o  the gama radiation. It is  

a l s o  known from the pr tholog~col  material t ha t  a t  some time i n  the period: 

7-21 days a f t e r  the bombing, the f i r s t  evidence of myelopoiesis and erythro- 

poiesis was found. 

clusion t h a i  tho extant  end the rapidi ty  of the  metsmorphosis of prol i ferat ing 

reticulum i n  the  marrow in to  myelopoietic and ar.y-thropoietic t i s sue  are  c r i t i -  

c a l  factors  f o r  survival. 

Putting a l l  these observations together leads t o  the con- 

3)  I n  the f i rs t  group of Nagasaki patients studied i n  the time period: 

1-14 September there was a marked s h i f t  t o  the l e f t  of the granulopoietic sys- 

tem. This can be expressed qufte readily by the r a t i o  'Blests: Polys, which 

was 90$ a t  t h i s  stage. I n  the next period: 15-30 September, the r a t i o  was 25% 



and a f t e r  1 October, the  r a t i o  was norm&, or l e s s  than 10%. 

t i o n  can be interpreted t a  indicate t h a t  on the  average, myelopoiesis achieved 

8n approximately normal pattern fibout 7-8 weeks a f t e r  exposure t o  the gamma 

This observa- 

radiation emitted by the atomic bomb. This finding is  especially interest ing 

because it has already been shown (see table  5 )  t ha t  the highest velues for  

t o t d  nucleated marrow c e l l  counts occurred i n  the period: 7-12 weeks ( i . e .  

during October) e f t e r  the  bombing. 

4) I n  the materiel from each c i ty ,  the m a x i m u m  intensi ty  of erythropoi- 

e s i s  occurred i n  the  period: 16-31 October, or 10-12 weeks e f t e r  the  bombing. 

The evidence f o r  t h i s  observation i s  the myeloid: erythroid r a t io s ,  which were 

1:g:l and 2.2:l f o r  Hiroshima end Nagasaki material respectively i n  tha t  time 

period. These were the  lowest values for  the M:E r a t i o  tha t  were seen i n  any 

period. They are especially s ignif icant  because the highest t o t a l  niicleated 

mnrrow*cell counts were found during October. 

*her ( i . e .  l a t e r  t h m  12 weeks a f t e r  the bombing - ) the  r a t io s  were normal i n  

I n  Biopsies obtained i n  Novem- 
I 

each ser ies .  

f o r  Nagasaki. 

5 )  

marrow cells i n  the  material from-the two c i t i e s  w 8 s  found i n  the percentage 

of lymphocytqs i n  the speci uring October and November. There 

does' not appear t o  be any  s 

The average values found were 3 . l : l . fo r  Hiroshimo, and 3.0:l 

The only marked difference between the averiige d i f f e ren t l a l  count of 

for  t h i s  finding. 

1' I n  the  tabulation fferentiadl counts the megakaryo- 

cytes have been omitted. 

percentages found. 

blood p la te le t s  returned t o  the marrow m d  the circulat ing blood a t  the  same 

This was done because o the great variation i n  the 
" -  

I n  general, it may be &id tha t  the megokaryocytes ar-d the 
. .  

\ 

r a t e  as the granular Lc 
- 

kocytes. The behavior of these elements ia described 

22 (7) 



' ,  
i n  the sections on Blood, (Section 6) and i n  tha t  on Pathology (Section 8)' 

7)  In  general, it appeared tha t  the average bone marrow, as judged by 

the d i f f e ren t i a l  c e l l  counts, had returned t o  normal i n  November, 1945, or 

12-16 weeks a f t e r  injury by the ionizing radiat ion Of the atomic boinb. 
\ 

ILLUSTRATIVE CA5lE 

One of the most interest ing features of the specimens of bone marrow was 

the remarkable dive$sity of the material obtained from pat ients  ear ly  i n  the 

course of the syndrome of radiat ion injury,  This was due i n  par t  t o  the  Tact 

t h a t  t he  appearance of rapidly regenerating marrow changes'almost from dsy t o  

day, and certaZnly fromweek t o  week, 

not made according t o  any schedule or plan, it was not s-urprising tha t  these 

differences would be great. 

Since the majority of the biopsies were 

h 
Even when the examination was not pcrforxbd a t  

random, it was usually fourd tha t  samples obtained from patien% i n  apparently 

ident ica l  stages of recovery after equal exposure t o  radiation would be en t i re ly  

different.  It w a s  apparent from these observations tha t  the recovery proc- 

ess could occur not o n l y  at  vCwying speeds, but a lso i n  varying ways. 

describing the cytologic de t a i l s  of the regeneration, it is appropriatc t o  

'present  some specif ic  examples of pat ients  who recovered, and on whom s e r i a l  

Before 

bone marrow biopsies were performed. 

point t o  discuss the reaction of the marrow t o  radiat ion injury, with partic- 

ular  regard f o r  the. 

It is  importnnt from the clinical stand- 

s s i b i l i t y -  and the mechanism of rccovery, 

presentation 

a t i en t s  wlio d 

r" the recmds of s~irvivors,  it is  

desirable  t o  consider three 

radiat ion injury a kew days a f t e r_  biopsy of the, sternal marrow was ~performed, 

All three patients e i n  Nzgasaki. Two were i n  brick buildings--at 500 maters 

23 17) 89 



Am -- 
s a  

Distance from center, meters 

Type of building 

Other In juriee ~ None 

Zpilation Yes 

Purpura Pes 

Oroljhwyngeal Lesions Y e s  

Blood Exam.( see figure 3)  -. 
Karrovi IQcanhation.Total Nucleated c e l l  c o m b  800 

' B l a s t s  

Fromyelocytes 

rt.klyeiocyt e 

hT *UZet~elocyte 

N, Stab Form' 

No Poly 

Eosinophil ( a l l )  

Lymphocyte 

t.Aonocyt0 

Histiacyts 

Plasm C e U  

Er@hroblast 

Normoblast 
Eyeloid rhy th ro i~  

0 *4 

002 

002 

- 
100 

22 e 4  

1. *4 

3 08 

Burns 

Pea 
I 

NO I 

YSS 

5150 

7.2 

l 
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0 2  

lOd6 
4,0:1 
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I 

and 1000 meters, respectively, 

meters. 

blood and the  bone marrow'arc pressnted i n  Table 10 and summarized i n  F i p o  

The other was i n  a wooden building a t  1500 

The relevant c l in i ca l  data., and thc r e su l t s  of examination of the 

3. 

26 days a f t e r  exposure t o  the gamma rays, each had a quite diffcrent  and quite 

d i s t inc t ive  type of m a r r o w .  

w i l l  be shown of patients who survived and who had some one of these saxe 

types of reaction i n  the marrow i n  the ear ly  stage of the disease, 

These three cases are par t icular ly  interest ing because on the sane dats  - 

Zn the  other case records tha t  follow, e;ra.nples 

This p o k t  

is worthy of emphasis if only t o  hinder the formation of fixed ideas of .the 

r e l a t ive  seriousness of one or  another type of mar~ow reaction, 

(1) Case KUM 87, Kae, 33, 1,200 meters (IT'agasaki) 

Paticnt was i n  a wooden housc which collapsed, trapping him under it. 

tained only minor lacerations of thc a r m s .  

Hc sus- 

Epilation of the scalp comncncxi 

15 August, 

was treated a t  a hospital  with frequent transfusions from 13. Septembar t o  20 

September, 

This was followed by pharyngitis, g ig iv i t i s ,  and purpura. fIe 

He was discharged from the hospital  i n  good conditlon on 19 Octo- 

ber. 

EXAMINATION OF THE BLOOD 

9 September -L 

11 September - 44% 

17 September 39% 

24. Scptember 50% 

1 October 59% 

10 Ocgober , 6% 

WBC - RBC 

- 1900 

2.25 1170 

1.75 2600 

- 

2.96 4450 

2.90 6780 

3.28 13100 

' 25 (7) 

Platelets  --- 

29 000 

1,115,000 



-_I- Differential Counts, 

U Stabs Polgs Lsph . Mono Eosin, Plasm- 

3 6 74 5 7 3 

11 September 3 5 85 4. 3 - 
20 6 62 8 2 2 

12 25 4.8 6 7 2 

1 October 10 25 40 13 12  - 

9 September ' 

tt17 September 

24 September 

10 October 8 9 39 3 41 - 
%A few metamyelocytes wero seen; 

Additional I Laboratory Data, Reticulocytes varied from virtually none? on 11 

September t o  7.7% on 24 September, 

as 16 minutes on 9 September; and the longest clotting time was 14 minutos 30 

The longest, bleeding tine wr7.s recorded 

seconds on the s m e  day, 

&amination of bone marrow. 

The results of the three biopsies of sternal marrow are preseiltnd in 

Table 11 and are summarized in Figure 4. (See also figure 18). - 
(2) Case KIU-48 FeinaILo, 19, 1200 meters (Nagasaki), 

Patient was standing in a wooden, earth-covered shelter which collapsed. 

sustained mild unspecified injuries, 

gingivitis, There was no epilation. 

Zivcir extracts and iron and was discharged as cured 19 October 

Laboratory Data. 

She 

During September she had an ulceyativo 

She vas treated in the hospital with 

1945. 
- - 

Date 
8 September 
10 September 
18 September.' 
21 September 
24 September 
27 September 

- Hr3- - 
63% 
32% , 

42% . 
60% 
65% 
63% 

2.66 
2.. 32 
2.50 
1.4.7 . 
2.96 
3.10 

WRC 
1200 
1000 . 
2400 
24.00 
5600 
4600 zblc on this patient. 

I_ 

No other data are avail 
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Promyelocyte 

N, Uyelocyte 

8"2 

100 

208 

N e  Stab Form 

N. Poly 

Eosinophil ( a l l )  

Lymphocyte 

kx-mcyte 

2,6 

006 

2.b 

4.8 e 0 

Histiocyte 8.0 6e3 0.3 

Plasma Cell E;, 2 8 07 0 e 4  

Erythroblast 2 -0 3 2 008 

Mormoblast 8.2 3JO8 l3.00 

0 

E'yeloid:ErybhroLd Ratlo 1,9:1 5,4:1 a,21x 
-- 

Tota l  Nucleated Cell. Count 17,300 17,800 68,000 

93 



Laboratory Data-continued 

REC -- m, -- Dete 

30 September 60% 2.25 6300 
3 October 65% 2.22 3800 
7 October 65% 2.25 5800 

10 October . 65% 2.50 7000 
19 October 74% 4.50 7000 

-- 

haminntion of bone marrow, 

The r e s u l t s  of two biopsies of s t e rna l  marrow are  pesented i n  Table 1lA 

and a r e  shown i n  Figure 5 ,  
I 

(3) Case H-6030-U, Male 24 1000 meters (Hiroshima) 

Patient was inside a-wooden building. He sustained no injury except 

by radiation, Epilation occurred 15 August and he entered hospita!. 26 August. 

Purpura w a s  observed on 27 August, and uXcerati.ve oropharyngeal lesions de- 

veloped ear ly  i n  September. He was discharged as cured 2 October 1.945. 

- Laboratory Data, 

Date Hb A -  - RBC 
-s 

7 September 90% 3.36 700 
'10 " - - 1500 
1 I' - - 2400 ' 

The d i f f e ren t i a l  comb on 7 September was: Metamyelocytes.. ........ .,$ 
Polys........... ......... 40% 
Lymphs.. ................ .52$ 
Monocytes.. ............. .4$ 

The r e su l t s  of three biopsies of s t e rna l  marrow are shown i n  Table 11B 

and are sumwks&d i n  Fi.gure 6 .  

( 4 )  Case H-6010-U: Male, 28, Less than 1000 meters, (Hiroshima) 

Patient was indoors i n  a Japanese building which collapsed on h i s  head, 

Epilation com- rendering him unconscious for an unspecified length of time. 

menced 17 August. He entered the hospital  28 August. Petechiae appeared 



-- DIF'FEREfiTIAL COUNTS .OF STZRNAL MARROW 

-u Table llA-KN-48 Table llB--H-6030-U 

11 Sept, 5 Oct. 7 Sept.* 26 Sept, 16 Nov. - 
*Blast 

Promyelocgt e 

N. Myelocyte 

N. Metamyelocyte 

N, Stab Form 

N, Poly 

Eosinophil Cell 

Lymphocyte 

Monocyte 

Histiocyte 

Plasma Cell 

Erythroblast 

Nomoblas t 

Is 

Mye1oid:Ekythroid Ratio &2:1 

Total Nucleated Cell Count 33,000 

- 

0.4 

0.4 

4.6 

17.0 

42.0 

2.7 

2.7 

5.0 

2.4 

- 
0.4 

3.0 

21.0 

2.9:1 

211,000 

1.3 

1.3 

1.3 

-6.5 

17.7 

28.1 

- 
12.4 

1.3 

0.7 

2.0 

3.2 

23.5 

2.1:l 

- 

%is was a poor preparation-only 19 recognizable cells could be found, 

95 29 (7) 

2.4 

3.7 

5.7 

16.2 

lt?. 0 

20.1 

8.1 

6.9 

1.6 

1.2 

0.4 

2.8 

13.4 

4 r 5 : l  

- 



- __ - 

1 

1 

1 September, and pharyngitis and gingivi t is  developed about 5 September. 

recovered, but the  date of discharge from hospi ta l  is not known. 

He 

Laboratory Date. . 

Data - 
3 September 

8 

13 

If 

I1 

I1 19 

24 I 1  

17 November 

WBC - RBC w - 
904% ,- 4.15 1200 

- - 2200 

- 2200 - 
56% 3.29 1000 

5(jqb 3.45 4100 

985, 5.23 8600 

Pla te le t s  

- 
- 
- 

70,000 

- 
73,000 - 

Different ia l  Counts. 

19 Septpmber: Stabs-14; Polys0 35.5; Lymphs. 34.5; Mon. l3.5; Eos. 2.5 

17 November: 

Examination of bone marrow. 

Stabs-10; Polys- 40; Lymphs-39; Mono.-1; 80s .-9; Baso.-1. 

The resul t6  of three biopsies of s t e rna l  marrow are  presented i n  Table - 
1 2 A  and are  summarized inF igure  7. 

( 5 )  Case H-6016-u Male, Age unknown Less tha 1200 meters 
(Hiroshima) 

Patient was indoors i n  a Japanese building. He received no injuries 

except by gamma radiation. 

g ingiv i t i s  and pharyngitis developed early in  September. 

Epilation and purpura commenced 20 August; and 

Ultimately, he re- 

covered. 

Laboratory Dkta. 
- J 

Date 

5 September 

8 September 

14 September 

, 3.66 

WBC - 
1800 

6400 

5500 

6 



N Kyelocyto - 1.2 

. 

905 

200 
I 

I 25 .oo 
1,8:3. 

. .  

97 

. .  

I 

i 
1 



The Differential Counts on 5 and 8 September were: 

8 September 
-I 

5 September 

welocyte 6 3 

Metamyelocyte 14 9 

Stab Form 14 18 

Poly 52 48 

Lymphocyte 1.4 -22 

Ekamination of bone mdrrow, 

The results of two biopsies of sternal marrow are presented in Table 12B 

and are summarized in Figure 8. 

(6) Case KIU-49 Male, 35 1000 meters (Nagasaki) 

Patient was standing in a brick factory building but sustained neither 

burn nor mechanical injury. 

There was no epilation nor any purpura. 

Laboratory Data, 

Date 

From 7 to 21 September he had a pharyngitis. 

Recovery was satisfactory. 

WBC - RRC - Hb - - 
September 45% 2.70 2100 

17 September 42% 2.42 3000 
20 September 62% 3.53 1600 

23 September 54% 2.64 -1800 No other laboratory 
data were available. 

26 September 65% 2.80 2600 

29 September 64s 2.25 2400 

4 October 6% 2.35 3300 

- Examination of bone marrow, 
The results of four biopsies of sternal marrow are presented in Table 

13 and are summarized in Figure 9, 
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1000 meters (Hiroshima) (7) Case H-6025-U Male 24 

Patient, an a r q  surgeon, was .iiisj.de a frame hospital  building. He was 

knocked down by the b las t  but sustained no injury. 

comenceil 21 August. 

August and by 6 September he had an ulceration of the hard palate. 

were noted first on 27 August, 

Epilation of the scalp 

He was hospitalized 25 August. Gingivit is  appeared 23 

Petechiae 

On 3 October he was suf f ic ien t ly  recovered 

t o  leave the hospital. 

Laboratory Data. 

Date -- 
6 September 

11 September 

16 September 

.21 September 

27 September 

3.5 November 

- Hb - RBC E Pla te le t s  

45% 2.01 1300 - 
- - 3800 - 
- - 4.800 - 
67% 3.18 4000 110,000 

57% 3.10 6500 130,000 

70% 3.00 - 102,000 

- Different ia l  Counts, Different ia l  counts on several occasions were as follows: 

21 Sept, 27 Sept. 15  Nov. 

Stab form 17.0 11.5 4.0 

Poly 49.5 63.0 37.0 

Lpphocyte 20,5 15.5 44.0 i, 

Monocyte 9.5 6.0 12.0 

Eosinophil 3.5 3.0 3.0 

- Baninnt ion of bone marrow. 

The r e su l t s  of three s t e rna l  marrow biopsies are presented i n  Table l.4. 

and are  summarized i n  Figure 10. 

34 (7) 100 

http://iiisj.de


DIFFEXENTIAL COUNT OF STERNAL W G W  

Case H - 6025 - t' 

Blast 

Promyelocyte 

N, Myelocyte 

No RetmyeXocyte 

. N. Stab Form 

N. Poly 

Eosinophil ( a l l )  

Lymphocyte 

Monocyte 

Histiocyte 

Plasma C e l l  

Erythroblast 

Myeloid-Erythroid Ratio 

Total Nucleated C e l l  Count 

6 September 27 Set, tember 
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. CYTOLOGY OF BONE 14ARROW - 
General, , 

In  t h i s  section, an attempt w i l l  be mde t o  describe comprehcnsivcly 

- the reaction of bone marrow t o  large doses of radiation, A deteilcd 

cytological Elnalysis of every caso, and of a l l  the variations t o  he found, 

would be desirable but would result i n  a study too large f o r  the scope of 

t h i s  Report, It w i l l  be hiperative t o  confine the discussion t o  a s inple  

prssontation of general principles deduced from a study of representztive 

cases, IVecessarkly, becausc the  smeprs mde from material obtained by bi- 

opsy f a i l  t o  show the rob t ionsh ip  of ce l l s ,  reference w i l l  be made t o  the 

histologic material, I n  general, the discussion w i l l  be confincd t o  C ~ S C S  

where there is  reason t o  believe’ t na t  the g m a  radiation destroyed practic- 

. ally all the def in i t ive  elcrnents of the bone marrow. 

desj-rcble i f  the intimate de t a i l s  of ragoneration a r e  t o  be studicd, fo r  

i n ‘ l c o s  severely 

very complex bjT thc presonce of cel-1s tli5.t presumbly survived inj-my i n  

association with newly formed elements, 

t o  base the presentation en t i r e ly  on material f rom pat ients  whoso only injury 

wzs by gamma rays. Similarly, the study would have been more val id  scient i f -  

This q w i i f i c n t i o n  is  

patients the process of recovery may bc rendcred 

It would have been most desirnblc 

Zcally i f  the patients had not bcen subject t o  severe and often overwhelm- 

ing infections. 

t ion,  and. since it w a s  indicated i n  Table 7,\page 17, t ha t  the complications 

had l i t t l e  apparant influence on the reaction of the marrow, the cases have 

been selccted f o r  discussion solely because there was good evidence of so- 

vere injury.  

and nvkritional deficiencies may have affected t o  a considcrable degree the 

processes t o  be described, An understanding of the regenerative process i n  

Since theso conditions were obviously impossible of realiza- 

1 ’  

Nevertheloss it must be appec ia ted  that infection, blood loss 

i, 
I 
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the marrow is simplified if the question of the dosage of gamma radiation i.e,, 

the location of the victim with respect to tho center of the explosion, and .with 
regard to possible shielding factors is disregarded. It should suffice to say 

that d l  the patients under discussion probably received sufficient radiation 

to destroy ltalmost all1' the definitfve elements of the bone marrow, in fact, 

this zssmption has ken the basis of the selection of Sllustrativc cases in 

this section, . 
The effect of gama rays on bone marrow, 

It is known from experiments with mimais, and from studies of human 

beings accidentally or therapeutically exposed, that the bone marrow is one 

of the most radio,sensitive tissues of the body, It is also known th3-t the 

myelopoietic, the erythropoietic and the thrombopoietic systems (the defin- 

ative elements) a r e  Dore susceptible to ionizing radiation than are the other 

structures of tho marrow, These less sensitive pdtions include thc fibrous 

tissues, the vascular tissues, the fat, and the rcticulo-endothelid system, 

On the basis of the foregoing it is $asmiti16 ,%to.. postulate three degrees of 

response to varying intensities of radiation, as follows: 

1. Complete destruction of the definitive elements, and the retic& 

endothelial system, 
I 

2, Complete destruction of the definitive elements, with partial or 

conplete sparing of the reticule-endothelial. systen. 

ionizing rediation, the subject should have the capability of recovering, 

After such a dose of 

3. Partial destruction, c/r damage, to the definitive e1ec;onts of the 

Elarrow. I i  

. After injury to the bone marrow by radiation the granulocytes and the 
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p la t e l e t s  i n  the blood a r e  found t o  be decreased i n  number, 

able t o  conclude tha t  the severi ty  of the leukopenia and the thrombopenia 

should p(dralle1 the severi ty  of the damage, 

It is  reason- 

These changes develop qui te  

frequently, as has been shown i n  Section 6, The ef fec t  of the radiat ion 

on the erythrocyte count i s  manifested more slowly because of the longer 

l i f e  span of the individual ce l l ,  

logicrzl t o  conclude tha t  increasing numbers of granulocytes and p l a t e l e t s  i n  

the blood a re  indicative of recovery of the bone marrow, Unfortunately, the 

By the sane s o r t  of reasoning it i s  

laboratory studies have not boen very complete i n  a l l  the cases, but it, is  

possible t o  piece together a general interpretat ion from the de6biJ.s that 

are ami lab le .  . 

On page 2 where the  objectives of the study of tho m r o w  were statzd,  

the th i rd  item was the determhation of the r a t e  of  disappearance of defini-  

t i v e  c e l l s  from the marrow, 

obtained from Hiroshima, 

The two e a r l i e s t  stcrnaJ biopsy spccimns were 

Both F t i e n t s  had 'been i n  the Banker's OI.ub, a ro- 

inforced concrete building, located approximtely 200 meters from the center 

(See Section IJH), The dota i l s  were as follows: . 

(8) Ca& H-106154 Pildle 30, Sternal  biopsy was perforried 

11 August, 

anii on 14 August, the d;ry of death, it was 100, 

=de 11 August, only  8 leukocytes were scen; 6 polys wit!i abnormal appear- 

The white c e l l  count on t h a t  day was 400 per cubic mi l l imetx ;  

On the en t i re  blood f i l n  

ing granules; and 2 small lymphocytes, 

d i f f e ren t i a l  count of a l l  cells seen i n  the Marrow smear was: 

There were no blood p la te le t s ,  The 

PO~YS....  .........,... " ..... ;.3 
S k l l  lynphocytes.. . , . . . . . , , . , .5 
Histiocytes.. . . , . , . * .  . . . . * .  29 
~ l a s m  Cells,. . . . .'. 0 0 0 0 0 0 0,019 
Unidentifiable ce l l s , . , , , , , , , ,  $! ' Total 
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(9) Case H-10645-< 31. Sternal biopsy w a s  perf orixed 

between 12-15 bl Thdrc were too few cells t o  count. The f o r m  seen 

included a few plasma cells, a few degenerating metmyelocytes and a f e w  s m a l l  

lynphocy-bes. A blood f i l m  mde  a t  about the  s m e  t ine was avatlable f o r  ex- 

&nation, Three c e l l s  were found: 2 polys and 1 small lymphocyte. There 

wcrc no p la te le t s ,  

The specimens of  bone marrow from the earliest autopsics a r e  discussed 

i n  d e t a i l  i n  the section on Pathology, 

died on the 6th day a f t e r  the bombing shows complete absence 02 al-1 granulo- 

cy t ic  c e l l s  except f o r  a few eosinophils, 

Suitdble material from n pat ient  who 

There were no megakaryocytes; and 

on ly  small groups of nucleated red ce l l s  were present. It would be impossible 

t o  say whether or  not the eosinophil and nom-oblasts Mere survivors, but t h i s  

seems probable. 

of prol i ferat ing reticulum, as tfell as anall numbers of lymphocytes, plasma 

c e l l s  and histiocytes.. 

The s ignif icant  feature  of t h i s  ear ly  marrow is  t!.ie fiii2ing 

THE PATTERN OF REG1OE'FWi'ION 

The knowledge tha t  the normal blood cells disappeared quickly and prac- 

t i c a l l y  conipletely from the marrow of pat ients  exposed t o  the in t ens i t i e s  

of g m  radiation emitted by atomic bombs simplifies the study considerably. 

No signif icant  e r ror  should r e su l t  from the assumptioh tha t  a t  some period of 

t h e ,  of the order of one t o  two weeks, pract ical ly  a l l  the normal def in t t ive  

marrow elements t r i l l  have disappeared from the t i s sues  of pat ients  with the  

7 

character is t ic  symptomatology of severe radiat ion sickness. &en more useful 

is the evidence f o r  the correctness of assuming tha t  within the same period 

of time the reticulo-endothelial elements of the marrow w i l l  have s tar ted t o  

multiply, and t o  produce cer ta in  types of ce l l s .  i?ith t h i s  background it is  
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possible t o  proceed\with a description of the types of ce l l s  which were found 

i n  the marrow of patients with symptoms of severe radiation injury with con- G 
siderable cer ta inty tha t  the phenomena observed are  i n  f a c t  regenerative, 

The term "regenerative" is  used here i n  the sense tha t  the phenomena t o  which 
I. 

\ 

-4- *.?4 it; is  applied represent t he  formation of def in i t ive  marrow ce l l s  by some other 

process than by a multiplication of surviving members of the def ini t ive 

families, 

of Prradiation subjects is t o  be interpreted correctly, 

proper t o  recognize that both processes:' regeneration and multiplication 

This i s  an important dis t inct ion t o  make if  the findings i n  marrow 

It is  perfectly 

of surviving def ini t ive ce l l s ,  may coexist i n  a given case, 

There i s  nothing par t icular ly  novel on the one hand, i n  the hyperplasia 

of normal marrow c e l l s  i n  response t o  any stimulus, On tho other hand, the 

% opportunity t o  observe, i n  many similar cases, the regeneration of marrow 

which has lost all or nearly all the ordincay def ini t ive elements due t o  a 

single instantaneous insul t ,  is  dis t inctxy unique. 

sis throughout the description tha t  follows w i l l  be placed on the pattern 

of the regeneration insofar as it can bo determined from a study of histo- 

logical  preparations and smears, 

Accordingly, the empha- 

The types of reaction which have been observed can be c h s s i f i o d  in to  

. 
4 ;  
e. 

- 9  

.- 

several groups. (See table  15) which w i l l  be considered separately: 

TABLE 15 - 
Group 1. Proliferation of reticule-endothelium. 
Group 2.$ Proliferation of reticulo-endothelium 'plus 

proliferation of cer ta in  mononuclear cel ls :  

,a) Macrophages 
b) Plasma ce l l s  ' 
c)  Lymphocytes 

Group 3. Metamorphosis of "ret icular  marrow" i n t o  def ini t ive marrow, 
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' Table 15-continued. 

Group 4. Evolution of the newly formed def ini t ive marrow: 

A. The qyeloid elements. 

a)  "Myelocytic marrow" 
b)  "Metaqyelocytic marrow" 
c) "Shift t o  the l e f t "  
d) "Regular or normal appearing marrow" 
e )  "Eosinophilic marrow" 

B. The erythroid elements' 

C. The Megakaryocytes 

Group 5.  Unsatisfactory evolution of the " re t icu lar  marrow." 

a )  Inadequate numbers of c e l l s  - b) Abnormal t m e s  of c e l l s  

Group 1. Prol i ferat ion of reticule-endothelial system: This type of 

ac t iv i ty  has been 68811 regularly i n  every marrow specimen obtained during 

the f irst  3-6 weeks a f t e r  severe injury by ionizing radiation. mere i s  no 

example where it i s  the sole process t o  be seen i n  the t issues .  

case which has been examined there have been some areas i n  the t i s sue  where 

In  every 

the mononuclear c e l l s  (see below Group 2) are found i n  association with the 

prol i ferat ing reticulum. 

scribe and i l l u s t r a t e  the character is t ics  of the process. 

a l  marrow the c e l l s  which are designated as reticulum are large with abun- 

dant cytoplasm (See figures 11 and 12). 

i s  palely basophilic with a ground-glass texture, or a flocculeIxt appearance. 

The maLeus i s  veriable i n  shape. 

be s l igh t ly  indented, l a t e r  ( i  .e . , more &ture forms) have round mrcbas. The 

size i s  also variable, from'quitc small (approximately the s ize  of the ex- 

amples shown i n  Figure 11) t o  2 or 3 times as large. The structure of the 

Regardless of t h i s  fac t ,  it i s  possible t o  de- 

In  smears of stern- 

The cytoplasm i s  non-granular, and 

In  the e a r l i e s t  stages it i s  oval and may 
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nucleus is  character is t ic :  The nuclear membrane is  ind is t inc t  The chrom- 

a t ion  occurs i n  f ine threads, loosely arranged in to  a del icate  network, with 

a few s m a l l  and comparatively inconspicuous nuclebli, 

reticulum i s  first recognizable as lrswollonll elements i n  the w a l l s  of the 

sinusoids, 

spaces between them and the fat ce l l s ,  or i n t o  the lumen of the sinusoids. 

Early, the ceUs  have a s t e l l a t e  configuration (See figures 13 and 14) (Key 

39%). 

I n  fixed t i s sues  the  

o r  brenching o r  rrbuddingrl off from the walls e i the r  i n to  the 

Later, one gets tho jmprossion t h a t  these c e l l s  'Iround up" and f O T B  

i n t o  I1freetl c e l l s  i n  tho t i s sue  spaces, 

of the nucleus is  conspicuous, with one or  several small nucleoli and e f i n e  

In  t issues ,  the vesicular quality 

nuclear membrane, 

of multinuclear reticulum c e l l s  can be found, 

c l e i  arc normal i n  appearance, I n  others they a re  unequal, or  ahormally 

large, o r  othcrwise unusual. I n  general, t h i s  type of c e l l  has d i s t inc t ,  

condensed cytoplasin, and has the appearance of 5: f r e e  c e l l ,  ra ther  than that 

of a component of the reticulum network. 

the so-called Reed-Sternberg c e l l  is  often s t r iking.  

Throughout a l l  the tissues of t h i s  period s m d l  numbcrs 

I n  some cases the severd  nu- 

Tho resemblance of these forms t o  

In  other cases they 

resemble Iryoungrl meg&aryocytcs, 

With special  stains, the abundant cytoplasm contkins no grenulcs, and 

In the majority of the cases autopsied or biopsied is l i g h t l y  basophilic. 

between 12 August and, say 1 5  September, i n  e i ther  c i ty , . thcre  is soae evi- 

dence of prol i ferat ion o f  the reticulum, 

.ly, i n  the rlislandsfl between the fa t  c e l l s  and the sinusoids, and i n  close 

It 9s t o  be seen occurring t y p i c d -  

1 
r 

*Key nunber re fers  t o  autopsy protocol, (See Section on Patholcgy f o r  
d e t a i l s  ) 
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proximity t o  small blood vessels, As w a s  mentioned above, the u s u d  situa- 

t i o n  w a s  the occurrence i n  any g i v m  case not only of regions of prollfer- 

a t ing reticulum, but also regions whcrc mononuclear ;ells a re  associated 

with it, 

- GrouD 2. Proliferation of retiatdo-cndothelium plus thc prolifcra- 

t i o n  of cer ta in  mononuclear cells, 

This type of x a c t i o n  i n  the bone mrrow was the most typical  finding 

i n  spccimcns obtaingd from patients with tho syndrome of severe radiation 

i n j w y  i n  thc period, 26 August t o  11 September, or  approximatcl-y during the 

/+th end 5th week a f t e r  exposure t o  the gam. rays, Fortunately, it w m  also 

during t h i s  sane period tha t  Japanese physicians were studying the ?atients 

most intcnsivcly, s o  t h a t  many biopsy and autopsy preparations are available 

f o r  amnination, 

most s t r jking c l i n i c a l  symptoms occurred (See Section 5), but a l so  th? L one 

The time interval  i s  not o n l y  the sane one i n  which the  

i n  which the mortality r a to  due t o  radiation injury, p r h a r i l y ,  was thc high- 

est, 

t h i s  period, and obtained by the Joir,t Co-missioa ms: 

35; 
all the marrow punctates were low (see table 5 ,  page 13), and i n  cases 

where th i s '  pattern was found, the average value was less than 10,000 c d l s  

per cubic miliimeter, 

The frequency of t h i s  type of reaction i n  the biopsies performed a t  

f o r  Hiroshina, 8 of 

and f o r  Ncgasdsi, 17 of 4.2. cases,3s Total counts of nucleated c e l l s  i n  

, *The numbers of these cases are: H-6001-U; H-6003-U; H-6007-U; H-6008-U; 
H-6012-U; H-6014-U; I H-6030-U (See a l s o  Section 4.79 th i rd  case rocord) 5 

4;?, 43, U9 45, 46, 47 (Nagasaki cases),- 
H+12036-C6K (Hiroshima cases). KUM 4.,597,8,10,16,17,43; KIU-2&,41, 
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The combimtion of pro1,iforation of the reticulo-edotholium and a 

variety of mononuclear cel ls :  

has been described by Rohr, 

Macrophages, plasma c e l l s  and LymFhocytes, 

(loc. c i t , )  i n  cases of agranulocytosis and 

aplas t ic  anemia, and has been desigmted by him a f l r e t i cu la r  marrowff. This 

s i tua t ion  as it was encountered i n  the study o f  the Japanese material d i f -  

fered i n  only  one respect from the conventional descriptions, namely small fo- 

c i  of erythropoiesis were found i n  many cases; and these were frequently t h e  ' 

! only type of defini.tive, c e U  t o  be seen i n  s ignif icant  numbers. Although i n  

any one case it w n s  usual t o  observo varying numbers of each of the four types 

of mononuclear ce l l ,  it is  convenient t o  describe exttmples where one vmie ty  

o r  another predominated. 

of i l l u s t r a t ions  showing the genesis of the several f o r m .  

Such'a practice w i l l  a l so  permit t h e  preserxtation 

A, Macrophages: Typical marophages were a conspicuous feature of a l l  

the l f r e t i c u l m  marrowsrr', 

of the nucleated c e l l s  are macrophages (or hist iocytes) 

of which contained pigment. 

I n  s m e  snears fron biopsy materizi as i m ~ y  as 51% 

a varying nucibcr 

The presence of these phagocytic ce l l s  was es- 

pecial ly  s t r ik ing  i n  the autopsy natericl, and a description of representa- 

t i v e  t i s sues  w i l l  be found i n  the section on Pathology, I n  the t issues  the 

macrophages frequently were seen t o  contain erythrocytes; but t h i s  ms tin un- 

usucrl f inding i n  the smews of aspirated mmrow, 

these pigment-containing c e l l s  i n  smear preparations is sccn i n  Figure 15, 

%e rel;citfnn&i€p between the macrophages and the prol i ferat ing reticulum is 

well i l l u s t r a t ed  in'Figure 16 ( t i ssue  fron Key #34) where there i s  l i t t l e  

apparent difference between the nV;clei o f . the  reticulo-endotheliel c e l l s .  

-and of the  erythrocyte-contzhing macrophages, 

I 

The t n i c a l  appearance of 

B. Plasma Cells: All stages afid shapes of plasma c e l l s  were a constant 
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finding i n  the marrows obtained ct any time, . The la rges t  numbers were ob- 

served i n  the 4th t o  5th week a f t e r  i r radiat ion,  and i n  d i f f e ren t i a l  counts 

of s te rna l  marrow percentages i n  excess of 20% were not uncommon (See Case 

KUM 7, tab le  10, page 24). The average percentage of  plasma c e l l s  i n  the 

d i f f e ren t i a l  counts for  the period loll+ September was 2.7% i n  the Hiroshi.&; 

and I l . O %  i n  the Ifagaskili material, respectively, I n  stained films of marrow 

the plasma c e l l s  were qui te  conspdcuous and were very t m i c a l  i n  appearance 

(figures 17 and 18). I n  the histological preparations they were seen quite 

generally, and appeared t o  occur i n  two s i tuat ions with about equal frequency 

wlien appropriate material was examined. One s i tua t ion  is  i l l u s t r a t e d  i n  Fibnure 

19 where the  plasma c e l l s  can be seen In  an ltislandtt of prol i ferat ing reticu- 

lum, i n  association with that type of ce l l ,  and with lymphocytes. Here fit 

would be d i f f i cu l t  t o  judge iqhether the plasma ce l l s  were formed. there, or 

were carried there by the circulation, 

Figures 20 and.21, (Key # 21, died 30 August 1945). 

The other s i tua t ion  is  slzown i n  

In these sect3-ens the 

plasma c e l l s  can be seen arranged i n  a row o r  a stri.ng and apparently at- 

tached to, if not derived from, a band or" endothelium which fomis quite clef- 

i n i t e l y  the w a l l  of a sinusoid. (See f igure 20,) In  Figure 21, there appears 

t o  be a bifurcation of the endothelium, with the  formation on a smll isl-and, 

and a11 the c e l l s  associated therewith a r e  plasma c e l l s  of various stages. 

This l a t t e r  s i tua t ion  was cornonly observed i n  many of the t i s sue  sections,. 

and seexs t o  of fe r  good evidence f o r  the autochthonous or ig in  of plasna ce l l s  

from Peticulum i n  the marrow. 

the bupressionthat  mrrow reticulum is  the only source of plasma ce l l s ,  o r  

even the only  source i n  pat ients  injured by gamma-radiation, The same type 

of development of plasma cells, i n  I1s bringstt associated with reticulo-endo- 

thelium may be seen i n  the spleen and lymph nodes of these patients,  

This observation is  not intended t o  corivey 
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C, Lymphocytes: Almost a l l  the samples of l l re t icular  marrowtf obtained 

i n  the c r i t i c a l  period when the symptoms of  radiat ion sickness were most 

pronounced contain large numbers of lymphocytes, An examination of the mer- 

age d i f f e ren t i a l  counts f o r  the period l-l4 Septexber reveals t h a t  t h i s  was 

the most numerous single type of  ce l l ,  

percentago of lymphocytes a t  t ha t  time was 28.6% f o r  Hiroshima, and,40.2$ 

f o r  Nagasaki cases, respectively. 

80% were observed. 

puncture were qui te  ordinary appearing amall lymphocytes, 

of the cases a variable number of large abnormal lymphocyt\?s were seen. 

number of narrow specimens which were found t o  have sigaif icant  numbers (i. e ,  

more than 1%) of the abnormal 1ymphocyt.es 

were found i s  shown i n  Tablo 16. 

was  56% f o r  Hiroshima, and 31% f o r  Nagasaki cases, respectively, 

these were very large c e l l s  (See figures 22,23,24.) with cer ta in  common char- 

ac t e r i s t i c s ,  

With the Romanowsky type of stain,  it was a grey-lavender i n  color, an6 

r 7  

(See tab le  9, page 20) .  'he avcrage 

I n  individ-ual patients, values ;is high as 
I 

The majority of lymphocytes seen i n  marrow obtained by 

However, i n  :wny 

Tho 

and the time-periods &en they 
J 

I n  smwg, the incidence of t h i s  f inding 

In  general, 

The cytoplasm was abundant, usually flocculent, and basophilic. 

typical ly  it contained no granules. 

cation: 

presumed t o  be ttyoun&tl. 

two chsnges were apparent, 

phile granules appeared i n  it. 

pending on the in tens i ty  of each process, was a cell' which resembled i n  some 

cases the monocytes of the blood; and i n  other cases neutrophiiic myelo- 

cytes. 

exceedingly d i f f i c u l t  and often qui te  impossible. 

This last  statement requires a qualifi-  

This abnormal lymphocyte did not have cytoplasmic granules i n  foms 

I n  llolderlf ce l l s ,  as judged by the nuclear structure, 

The cytoplasm became darker i n  color, and BZUTO- 
- 

(See figures 25, 26, 27.') Tho resu l t ,  de- 

In  some preparations the d i f fe ren t ia t ion  of such mononuc?!ears was 

The s t ructure  o f . t he  
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nucleus was generally quite specific and permitted recognition of the cell 

as a lymphocyte. In tho youngest typos the chromatin was fine, often al- 

most reticular in quality (See figure 23); In other stages the chromatin 

formed rather broad clumps (See figures 22,24,28) and in the later stages 

it was even coarser in quality,,although the contrast with parachromatin tcnd- 

ed to decrease, 

topsy, lymphocytcs were likewise conspicuous, 

of regeneration lymphocytes were regularly seen in close association with 

the prolifsratiiig reticulum and the developing plasma cells, as for exrmple 

in Figures 19 and 29. Another example of 

this association which suggests the local genesis of the larger lympho- 

(See figures 25, 26, 27). In the tissues obtained at au- 

In thc l e s s  advanccd stages 

(Key # 23, died 31 August 1945,) 
. 

cytes is discussed in Section 8 (Key # 29, died 1 Septambor 1945). 

these cases9 large lymphocytes with reticular-type nuclci can be secn in 

the "islandsf1 where th;? regen'erative activity is concentrated. 

In both 

The appear- 

ance of lyinphocytes in association with karger groups of reticulum End pl.a,sma 

cells is seen in the autopsy case, (Sea Section 8, Key # 28, died 1 September 

1945. ) The identification of the large mononuclear;: as abnormal 1ymphoc;rtes 

in this case is supported by the Giemsa-stained smear.- (see fi,gure 28 , ) .  A 

f e w  examples of the appcarent development of "strings" of lymphocytes from 

bands of endothelium, or by'the rounding-up of the- cells in the walls of si- 
I 

nusoids were observed. This phenomenon was seen sufficiently frequently t o  

add support to the impression gained from other findings as to the auto- 

chthonous origin from the reticulo-endothelium of some of the lymphocytes 

found in the marrow of irradiated -patients.. Just as in the case of the plasma 

cslls this is not- to say that the marrow is the so le  source of these lymph- 

ocytes; but t h e  evidence is quite strong that the I.argo abnormal lymphocytes 

m y  devlop there directly from reticulum, In none of the tissues at this 

c 
, 



stage was there observed any indication of the transformation of lymphocytes 

in to  plasma ce l l s ,  or vice versa, 

TABLE 16 

ABRORi’IAL LYMPHOCYTES I N  BONE MAF?ROW BIOPSY SMEARS 
F 

HIROSHIMA 

TOTAL CASES 

- 
- 

22 

6 

9 

10 

12 

- 
33 

TIME - TOTAL CASES 

18 

1 

3 

5 

6 

- 
59 

1-14 Sept, 

15-30 Sept, 

1-15 Oct, 

16-31 Oct. 

November 

December 

Totals 

5 

23 

3 

19 

59 

22 

12 

138 

16 

1 

3 

5 

12 

6 

43 

D. Nucleated Red Cells: Many of the histological specimens of mr- 

row obtained i n  t h i s  ear ly  stage contain small groups of what appear t o  be 

nucleated red cel ls .  

t i f i c a t i o n  of these c e l l s  is verified,  

co l l s  i n  biopsies performed during the first 2 weeks af Scptembcr (the 4th 

& 5th week a f t e r  the  bombing) was found t o  be 13.4% for  Hiroshima, and 9.9% 

far Nagasaki cases, respectively The significance 

of these erythropoietic f o c i  i s  d i f f i c u l t  t o  determine. 

is clearly shown i n  Figures 30 and 31, (Key # 32, died 2 September) and i n  a 

number of examples i n  the Pathology section: 

In  the stained films of marrow from biopsy, the iden- 

The average value f o r  nuclcated rcd 

- 

(See tab le  9 , *  page 20). 

Their appearance 

(Key # 29 and # 24, etc , )  
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In  a l l  these specimens the nucleated red cells a re  seen t o  occur i n  

small groups generally i n  close association w i t h  the  prol i ferat ing reticu- 

lum; and i n  many instances they appear t o  be located i n  the meshwork formed 

by these cells, 

dpoct t o  the location of these youngcr c e l l s  i n  re la t ion  t o  the  sfnusoids, 

There does not appear t o  be any consistent pat tern with re- 

The nuclei wcre generally pyknotic, and were often formed in to  abnormal kary- 

orrhectic figures,  

cytoplasm appears t o  contain hemoglobin. 

So far as can be seen i n  the histologic preparations the 

This impression is  supported by 

examination of the amear preparations, i n  which the majority of the nucleated 

red c e l l s  my be classif ied as polychrome and orthochrome normoblasts, hum- 

ture basophilic erythroblasts are seen infrequently a t  t h i s  stage. Numerical 

evidence f o r  t h i s  observation i s  found i n  the d i f f e ren t i a l  counts of s t e rna l  

-row f o r  the period 1-14 Septembe?, where the r a t i o  of erythroblasts: 

normoblasts i s  as low as L:8, 

Nagasaki series, 

cells is simply whether they are: a )  nornioblnsts which have survived the 

gamma radiation; or  b) c e l l s  newly formed during the process of recovery, 

(Norrial v d w s  range from 1:6 t o  1:4), i n  thc 

The problem tha t  i s  presented by the findings of these 

The 

point is  principally academic, but is  of in te res t ,  f o r  the  nucleated red cells 

are not an uncommon firiding a t  :a stage of recovery before the reappearance of 
.. 

myelopoiesis, 

considered as survivors. 

It seems most probable, howevcr, that they should properly be 

- E. Miscell.ancous : Megalokaryocytes- tiere qui te   scarce i n  the -so-called 
- 
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. .  
Group 3. Netamorphosis of ffret5.cular marrotP in to  "def ini t ive marrowfT. 

It has been shown t h a t  i n  tho mxrows depleted by g m a  rays there was 

an ear ly  and compratively abundant prol i ferat ion of the reticulo-endothelium, 

The process commenced within 7-14. days a f t e r  i r rad ia t ion  and rcsulted i n  the 

formation of what has been described as a "re t icu lar  marrowff. 

prevailed for  a period .of 2 t o  3 weeks, and during t h i s  time profound lstlko- 

This pat tcrn 

penia was regularly observed when the blood was examined. I n  pat ients  who 

survived, the blood count, was found t o  increase, and the time a t  which the 

increase began was qui te  variable. 

about 3-4 weeks a f t e r  t he  bombing. 

(See Section 61, but generally comenccd 

The changes which occurred i n  the  bone 

marrow j u s t  pr ior  t o  and conckrent  with the  rcappearancc of granuloc:rbic c e l l s  

were very interesting. I n  specimens obtained at appropriate t i nes  it was 

possible,to observe a phenomenon which may be described as the  metamorphosis 

of " re t icu lar  marrowf1 in to  def in i t ive  marrow, I n  the biopsy ED-tcrial. avail- 

able f o r  study, which was obtained i n  the period i-14 Scptenber, t h i s  trans- 

f o m t i o n  was observed i n 1 0  of 35 cases from Hiroshima and i n  15  of 4.2 cases 

from NagCtsaki,+S The reaction m s  seen i n  cases with scanty prol i ferat ion of 

thc reticulum as w e l l  as i n  those w i t h  a profuse reaction, . Two d i s t i n c t  pa t to rns  

were observed, although i n  given c a s e s , - i t  was usail t o  observe both occur*ing 

sinnil-taneously, It- is  e o  t o  describe the  processes separately, 

*The numbers of these'cas 
_ -  

& ) l i - l T ;  H-6026-U; H;602&-U; 
H-6029-U; H-6030-TJ; H-6031-U; H-40?2-U; H-6038-U; H-11879-KpS . 
See also:' H-6024.-U; H-604.3-U; H-6063-U; and H-6311-P9 where the process w a s  
observed a t  a later time, 
See also: A i i  158930-86. a.nd,'lO? f o r  &rtopsy specimens (Hiroshima cases). KUM 18 
239 39, 42; KIU-1, 3, 59.6, 7,  8, k19p' 21, 45, 46, 47 (Nagasaki Cases), 

~ 
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a) The commonest pat tern was the metamorphdsis of reticulum c e l l s  in- 

t o  granblocytes . 
t h i s  development was usually quite large with abundant, nongranular, deeply 

basophilic cytoplasm, which characteriRtically was paler i n  the  region 8-ldjacent 

t o  the  nucleus. 

The reticulum c e l l  which underwent 

The nucleus was often excentric and WRS usually round, or 

somewhat indented. 

i n  the  conventional- 'blast), and we're arranged i n  a d i s t inc t ly  re t icu lar ,  or 

net-l ike minner. The nucleoli were small, prominent, and often encircled by a 

conspicuoua r ing of chromatin. 

is shown i n  Figme 12. Other examples w i l l  be discussed presently. I n  histo- 

The chromatin threads were moderately f ine  (but l e s s  so than 

- 

A very character is t ic  example of such a c e l l  

logical  prepctrations, the c e l l  was obviously a f r ee  cell, d i s t inc t ly  rounded, 

Find the nuclear s t ructure  WAS def in i te ly  intermediate i n  qual i ty  between t h a t  

.. . '  
i- 

of the reticulum c e l l ,  and tha t  of t he  qyelocyte. The process of transforma- 

t i o n  was recognized by the  appearance i n  these rounded-up free 'reticulum ce l l s  

of ozurophile granules. 
- 

This was followed by the  appearance of' neutrophilic or 

'eosinophilic specif ic  granules. It was not u n t i l  the c e l l  had acquired a con- 

siderable zmomt of granulation tha t  the nucleus l o s t  i t s  r e t i cu la r  quali ty.  

The chromatin ultimately became coarse and condensed, and then resembled 

closely t h a t  of the conventional metamyelocyte. 

the appearmce of the  cel7Lt;vpes is  shown i n  the series of photomicrographs: 

(See figure 12 f o r  the typ ica l  reticulum ce l l .  ) I n  figures 32 and 33, )Key 

#43, diad 7 September, 19Lg) .is shown t h i s  same type of ce l lu l a r  change i n  two 

groups of c e l l s  stained with Wright-Giemsa from imprint preparations. Here 

i n  groups of-very s i m i l a r  appearing ce l l s ,  can be seen several  degrees of 

azurophil granulation of the cytoplasm. 

ust  1945,) the  same type of di f fe ren t ia t ing  reticulum c e l l  i s  shown i n  

The ser ies  of changes, and 

I n  figure 34,(Key #22, died-31 kug- 

t i s sues  Rtained with Giemsa. '..Imprint preparations of t h i s  marrow, Figures 
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35, 36, 37 show groups of largo, f rce  reticulum ce l l s ,  some of which contain 

a few f ine  azurophi1.e granules. 

tween the ordinary reticulum c e l l  and the rounded, free type which appears 

t o  par t ic ipate  i n  the metmorphosis. 

with many gradations from no granules t o  the presence of both azurophilic and . 

neutrophilic ones. 

well i l l u s t r a t ed  i n  t h i s  series.  

These f i g w c s  show clear ly  the contrast be- 

Figure 38 shows another group of ce l l s  

The progressive maturation of the nuclear structure i s  

b), Tho other pattern which was observed was the same process of pro- 

grcssive developmenit of grandation, but i n  th i s  case the c e l l  which under- 

went metamorphosis was an abnormal lymphocyte of the type describcd and pic- 

tured i n  a precading section. The metmorphosis of t h i s  largc abnorfim-!! 1;m- 

phocyte mis 

However, it was I frequent finding, and the ident i f icat ion of the ce l l s  i n  the 

ear ly  stages of transformation was d i f f i cu l t .  The principal differences between 

t h s  two series were as follows: 

never seen t o  be the principal process occurring i n  my case, 

In  the case of  the abnormal lpphocytos,  thc 

azurophile granules were fewer and smaller, and the cells i n  which they a p  

peared seemed t o  develop a sparse type of neutrophil panula t ion  so tha t  t he i r  

,.- 

appwance  was never quite typical  of a granulocyte, The nuclear s t ructure  

became coarse even when the granulation was scanty; and flstab-likofl form were 

seen i n  which the cytoplasm retained %he lzvcnder qua l i t i es  of the  abnormal 

lymphocyte. A number o f  examples of t h i s  var ie ty  of metamorphosis are offered, 
/ 

beginning with a very carly example, (See- f igure 25) where the first faint ,  

small asurophilo granule can be seen i n  a large abnormal lynphocyte. 

difference between the nuclear structure of t h i s  cell, and t ha t  of the cells 

i n  Figure 38 or Figure 36. is quite appxcont. 

er quality of the nucleus and the f a i lu re  of hevclopmnt of character is t ic  

The 

In  Figures 27 and 26p the  dons- 
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neutrophilia i s  evident, 

again the persistence of the typical  cjdioplasm of the abnormal lymphocyte. 

These c e l l s  have more azurophile granules than usual, but it w i l l  be seen 

tha t ' t hey  tend t o  co l lec t  at  the periphery of the ce l l ,  

comparable example, and is  of i n t e re s t  because t h i s  specimen was obtained 

much l a t e r  i n  October, 10 weeks a f t e r  the bombing, 

specimen i n  Figure 43. which was collected i n  December, showing the persistence 

of the abnormal. lymphocytes i n  the marrow, with good evidence tha t  some of 

The granule-containing c e l l s  i n  Figure 39 show 

Figure 4.0 i s  another 

The same is  t rue of the 

the  granulocytopoiesii i s  occurring i n  t h i s  manner. 

A s  a contrast  t o  these types of metamorphosis of the f f r e t i cu la r  marrowff, 

it %rill be helpful t o  present two i l l u s t r a t ions  ol" marrow i n  which the n2jor- 

i t y  of myelopoiesis i s  occurring i n  the coaventional manner with !blasts as 

the  youngest member oT the ser ies  t o  be recognized. 

t i e n t  KIU-49 

F i p r e  42 is  from pa- 

(See (6) Case, page 32) a a  was known t o  have had a Ifreticular 

several  weeks ear l ie r .  Figure 43 is a pho$omicrograph of a biopsy 

obtained ear ly  i n  October 

large number of 'bl-asts that were seezr, 

It would be d i f f i c u l t  t o  s t a t e  with any degree 

(Case 2'78, Nagasaki) which was conspicuous f o r  the 

of cer ta inty how frequent- 

l y  one Oi- the other of these patterns of metamorphosis occurred. 

reason a t  a l l ,  of course, t o  doubt that i n  many instances the reticulum c e l l  

Therz i s  no 

may have different ia ted in to  'b las ts ,  which i n  t h e i r  turn produced a 

t i v e  marrow. The random manner i n  which biopsies weremade has l e f t  

i n  the material available for study, I n  s p i t e  of such drawbacks, it 

e 

J z  . 
. I  

sc 

f F  

5 

qui t s  cer ta in  tha t  there a re  a t  least three ways i n  which the marrow 

cofper from the so r t  of injury t h a t  vas caused by the gamma radiat ion 

atomic bomb: 

0 

def ini-  

mnY gaps 

seems 

my re- 

of the 
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-s a )  Metsmorphosis of reticulum in to  rqyelcrcytes. 
h b )  Metamorphosis of abnormal lymphocytes, (which were themselves de- 

rived from reticulum) in to  qyelocgtes. 

c )  Metamorphosis of reticulum in to  'b las ts  which d i f fe ren t ia te  i n  
the usual manner. 

c 

It is  worth repeating for  emphasis t ha t  a l l  the foregoing processes may 

cnexist ,  and t h a t  i n  addition t o  these types of regeneration, 'b las t s  and 

myelocytes which survived the radiat ion may resume t h e i r  character is t ic  
.) 

func t ims .  
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Group 4. Evolution of the newly formed def ini t ive marrow. - 
The development of the regenerating marrow is so act ive and so  variable 

tha t  there are no d i s t inc t  "fixed points*' t o  be seen a f t e r  the metamorphosis - 

described above has begun. It is desirable t o  visualize the processes which 

take place from there on as varying great ly  from patient t o  patient with re- 

spect not only t o  the speed and the qual i ty  d the  recovery, btit a l s o  with 

regard fo r  such complications as blood l o s s  and infection which may a l so  be 

present. 

recovery phemonena in to  a ser ies  of types. 

In  spi te  of these qualifications it is possible t o  classif'y the 

These should not be thought of 

as necessarily fixed; but shoKLd be regarded as points i n  a continuum a t  

which biopsy examination has been made. 

recovery of marrow: and the determination of the time period during which 

they were generally found should provide a useful. guide t o  the r a t e  of re- 

The c lass i f ica t ion  of the stages OT 

covgry t o  be anticipated a f t e r  injury by gamma radiation, 

i s t i c s  of the marrow patterns used i n  t h i s  a rb i t ra ry  c lass i f ica t ion  m e  

l i s t e d  i n  Table 17, 

The charnctcr- 

TABLE 17 

CRITERIA OF TYPES OF REGEiNERATING MARROW 

CRITF31I.A 

a elocytic :- ,* 

k. Metamyelocybic: 

Left Shif t :  

Marrow i n  which-the percentage of  'b las ts9 pro- 
myelocytes and neutrophi1.i~ myelocytes is the 
largest  portion of a l lmyeloid c e l l s  i n  the dif- 
f s r e n t i a l  counts, 

Marrow.in which the percentage of neutrophilic 
me tqe locy te s  i s  the la rges t  of any typo of my- 
eloid c e l l  i n  the d i f f e ren t i a l  count, 

Marrow i n  which the percentage of neutrophilic 
s tab  forms 5s i n  excess of 25%. 
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Table 17-continued: 

TYPE - CBITERU 

MF-rrow i n  which the r e l a t ive  percentages of each 
type of myeloid c e l l  approxinates the normal 
valuos, os l i s t e d  i n  Tzble 1, with duo regard fo r  
the range of $ b e  v&ues as i d t e a t e d  iii Table: 5. 

&crow i n  which the percentage of eosinophilic 
leukocytes of a l l  stages i s  i n  excess of 8%. I n  
the tabulation of typss of marrow (see table  19) 
the "eosinopiiilic Illilrxws" a re  l i s t e d  without rc- 
gard t o  other features. 

d. Regular: - 

= %  ,* e Eosinophilic : 

.. 

When the d i f f e r e n t i d  coun$s were studied on t h i s  basis,  it was found 

- t hz t  the marrow biopsy material from Nagasaki displayed a de f in i t e  trend re- 

l a t i ng  the degree of maturation t o  the intorval  of time a f t e r  exposure t o  the 

atonic bomb. 

These differences appear t o  be due solely t o  chance, i n  the sense t h a t  biop- 

The trend i s  less def in i t e  i n  the m t e r i a l  fron Hiroshixa. 

s i e s  were performed at more favorcble intervals i n  Nagasaki. 

A tabulation of the types of marrow obtainsd a t  d i f fc ren t  times i s  givsn 

i n  Table 18. 

2. 

&ief discussions and excmples of each stage w i l l  be presented. 

Four excmpLes of t h i s  type. of marrow were seen tlMyelocytic Marrow." 

among the Hiroshima material, 3 early, and 1 late.%* There were 10 examples 

among the Nagasaki material, 2 early i n  t h e  course of recovery, and 7 l a t e r ,  

dwring the period when hyperplasia was tho rule, that is, during October, A 

ty$ ica l  example is  shown i n  the d i f f e ren t i a l  count of the biopsy obtainsd 

from Case 3232, 17 October: (See tab le  19aSc). 

.. 
s e e  also Nagasaki Cases 404, 409, 3016, 3192, KIU-15, -16, -32, -35 and I(uM 

**See also Hiroshima cases H-6011-U; H-6026-U; H-6031-U; H-6311-P. 

87 (See table 11, 19 Septeiber) 
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TABLE 18 

TYPES OF REGENERATIlJG IvlARRO!J 

H L R O S H N  

- - --- 
- 

- _  

Myelocytic 

Me tcuyrelo c y t  ic 

,Left Shif t  

Regular 

T o t e l  Cases 

Eosinophilic 

31 11 5 7 6 2 - 
19 2 I 2 4 10 - 

33 11 9 10 15 - 78 

3 

NAGASAKI ---- 
Number 

10 

- 
P&2locytic 

Metanyelo c yt 3- c 

Left  Shi f t  

R C g U l W  

Total  Cases 

Eosinophilic 

9 

31 
ai 

11 35 16 5 

178 42 6 24 67 24 15 

67 - - 

u 1 - 4 7 2 - 
.- .  . .  

. :. . .  
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(10) Case 3232, Male, Age 62, 1500 meters. (Nagasaki) 

a 

u 

= *  

. ;;r 
3 %  

Patient was inside a wooden building and sustained mi ld  in jur ies  

due t o  f lying debris. There was no epilation, but ha suffered from gin- 

g i v i t i s  from 9 - 13 September. 

prominent features of the co&e of the i l lness .  

were available. 

Weakness and progressive debi l i ty  were the 

No early labnratory data 
I 

Exarnimson 0% the  blood. - 
DATE EIb* RBC W X  PROTEIN 

, 
12 Oct. 390 1 2.02 4 , 650 6.5 

29 Oct .  LO% 2.25 5 , 100 

7 Nov. k5% ' 2.3'7 6 680 6.7 

13 ~ o v .  3 5% 1.91 5,550 5.5 
Other lsboratory data: Reticuloqytes, 20 October: 0.4% 

Pla te le t s ,  16 October: 131, ooo 
D if -fer ent ial C ount R : 

- POLYS LYMPHS - MONOS. -- EOLS -- B& . DPTE - 
12 0c.t. 74 9 2 14 1 

13 Nov. 72 19 3 4 2 

A typ ica l  f i e l d  from R emear of !'avalocytic m m r o w "  is  shown in  Figure 39. 

The smem is from''; biopsy of KUM 87, obtained 19 September. 

(1) Case, Page 27 

(See table  11, 

- b. "Metamyelocytic Ma==." There were 3 examples of t h i s  pattern 

among the Hiroshima material, 2 of which were obtained early i n  September. 

The Nagasaki ,specimens included 9 of t h i s  type, the majority collected dur- 

ing the period 15 September-31 October. A typical  example i s  seen i n  the 
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c: 
7 

d i f f e ren t i a l  count, (see t ab le  19b.) of the marrow obtained from Case 

H-6033-U, 7 September, % 

-- (111, Case H-6033-U Female, Age 24. IS00 meters. (Hiroshima.) 

Patient sustained contusions a t  the time of the bombing. Eljilation did 

not occur; but pharyngitis and s tomati t i l ,  which became ulcerative, appeared 

on 31 August. 

a protracted f eb r i l e  course, but ultimately recovered. 

I Examination sf the Blood, 

Purplu'a was observed first on 2 September, Thc paticnt had 

WBC - RBC - Hb 4 DATE 
UI 

6 September 45% 2.46 1,100 

- Different ia l  Count: 

DATE NUCLEA'I.'ED Rm) CELTS --- POLYS LYMPHS STAB FORM - - 
125% 74% 12g 2% 6 September 

c "Left Sh i f t  Marrowrr: 35. examples of t h i s  patterlz of marrow werc 

obtainad i n  the material from each city. '  The tcndcncy vas noted. f o r  t h i s  

t;lrpe of marrow t o  develop mainly during October or lator. 

4 

A conspicuous ex- 

aiiplc has already been cited,  Case H-6025-U. 

where a l e f t  s h i f t  was found not on ly  i n  early marrow, obtained 6 September, 

but also i n  a l a t e r  specimen of 12 November. 

tcmbcr, however, was found t o  have thc chnractorist ics of a ' r r r e g u l u  narrowff. 

(See tab le  14 a d  (7) Case,) -- 
i 

A biopsy performed on 27 S c p  

Another example is  Case 314 (Nagasaki) 

which is  shown i n  Table 19c. 

the d i f f e rcn t i a l  marrow count f o r  

*Seo also Hiroshima Cases 0-12161-Osaka and Xagasaki Cases 3093, 3192, KIU- 
17, 18, 23, 25, 30, 31 and 33. 
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112) Case 314: MRle. Age 18. 1600 meters. (Nagasaki) 

Patient was inside P t h i n  sheet-metal building, and sustained moderate 

f l a sh  burns of f.me and hands. 

bombing and pharyngitis .  developed. ear ly  i n  September. 

well, but recovery from the radiat ion injury was protracted. 

Xpilation occurred about 7 days a f t e r  the 

The burns healed 

2 October 

10 October 

2 November 

75% 

73% 

6 4  

Different ia l  Counts: 

STABS POLYS LYMPHS - -  D e  

10 October * 29 51 

2 November 8 27 40 

WBC - PHOTEXN 

13,800 7.5 

7 J 8 5 0  7.8 

M O N E  . ES. * B E  

1 6 1 .  

9 15 * 

- d.  ''Regular - -- Mvrows" were observed quit,e frequently i n  the material 

obtained from the recovering patients.  

is a late development, as would be expected, and t h a t  the majority of speci-  

mons displaying t h i s  pattern were collected hf te r  16 October, i n  each c i ty .  

A s  R r e su l t  of grouping the types of marrow as observed on smears i n  t h i s  men- 

ner, several featuree of of regeneration are +vparent. (See t s b l e  

18.) 

progressive " sh i f t  t o  the 

Second, the time r e l a t i  

erable var ia t ion from-case-to case. 

It w i l l  be seen from Table 18 tha t  t h i s  

, 

F i r s t ,  it i s  n o t  s t o  find tha t  recovery i R  correlated with n 

t" of the myelograms of pat ients  who survived. 
- I  

- -  
This va r i ab i l i t y  is  a complex r e su l t  of' 

* 1 Metamyelocyte was noted. 
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the  two major imponderables: 

the actual  dosage of g a m  rays. 

e r  it should be possible by grouping pat ients  with respect t o  t h e i r  distance 

from the bomb, t o  elucidate t h i s  point fu r th i r .  Since t h i s  is  not feasible,  

there i s  no reason t o  pursue t h i s  phase of the subject a t  greater length. 

the radiosensi t ivi ty  of the individual: and 

If the number of biopsy specimens were great- 

I 

-* e "Eosinophilic Nwrowfl, Eosinophilia was observed much more frcqucntly 

i n  the -narrow of patients from Nagasaki than i n  the  Hiroshima group, 

discrepancy i s  undoubZedly due t o  chance i n  the sense' t h a t  more hiopsics wcre 

perfozmed at  an appropriate time i n  the former ci ty .  

This 

The actual  incidents 

- 7  

f ' i  

c 

was 3 of 78 cases fdr Hiroshima, and 14 of 178 cases f o r  Nzgasaki, respective- 

ly. 

Figurc? .&, shows the appcarcutce of marrow tissue obtained a t  autopsy from 

one such case, Shinkozen 4-318 (Nagasaki), Key :#l%!+.. 

c l in i ca l  racord discloses t h s  following: 

(13) Case, 318, Male, Age 8. 700 meters. (Nagasaki). 

n lho  dis t r ibut ion of the  l a t t e r  cases on a time basis is shown i n  TaSlc 18, 

A brief review of the 

Patient was inside a wooden building. and received nul t ip le  lacerations 

IIe m s  c z c d  far due t o  glass %ragmcr,ts as well os severe radiation injury. 

i n  thc Shinkoaen Medli,cal. Aid Hospital and no cnrly records of laboratory 

studies were founcl, 

a t t r ibutabla  t o  radiation injury were noted. 

Epilation of the sca lp  had occurred, but no other spiptoms 

He contracted lobar pneumollia 

and died 4 October. The discrepancy 

and the  lac!:: of it i n  the pa iphdra l  

Exam.i.iiation of Blood, - 
DATE - 

4 October 58% 

between the,eosinophilia of the marrow 

blood- i s  interest ing 

2.37 27,600 
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63 
c 

Dif ferant i a l  Count. ---- 
MONOS -- POLYS LYMPHS - I_- --- STABS DUiT 

4 October 15 78 . 5 2 

The awrpge marrow eosinophile percent3ge i n  each time period f o r  Nitga- 

s a k i  c ises i s  shown i n  Table 20. It w i l l  be seen t h a t  nvert:ge values F ~ O W  

'1 trend with the  mhximum i n  October; but a t  t h i s  time the  mean i s  not &,rerlt?y 

is excess of werage norm?ls. 

becmse of the  small number of cases. For normal values refer  t o  Tslbia 1 

The high valire f o r  December should bo ig,.zcrod 

w 

~ ~ E T S  t h e  fiverages 17 two ser ies  of Japanese subjects were 4.2% m d  4.37~ rc-  

specf.Ira!~. A fur ther  analysis o f  the Nagasaki patients with " e o s h o p h i l i c  rnhr -  

rmti o!iin:s t h s t  t h e i r  dis t r ibut ion with respect to"distmce froin t h  5(m5 \:as 

quVL;e s i m l l c t r  t o  t h a t  of the en t i re  group. (See.tFxble 21) .  

TABLE 20 -- 

2.9 

2.1 

5.5 

4.9 

6.5 

4.2- 4.3 

TIME - PERIOD 

1-14 September 

15-30 September 

42 

6 

17'15 October 2.4 

. November' 24 

. December 15 
Normal 

63 ( 7 )  129 



TABLE 21 ,-- 

DISTAATCE; - FR@M BOMB 

A l l  Nagasaki .Cases with 
Cases w i t h  Eosincpkilh Kzrrow - Marrow Biopsy '(Table 3) Meters 

6 

23 

0 - 500 

600 - 1000 
1 

4 

57 i i oo  - 1500 7 
I 

21 1600 - 2000 2 

? 13 Beyond 2100 ' 0 

The data i n  Table 21  suggcst t ha t  theieosinophilic group is  represcntntive 

an3 t n a t  the finding is  probably not t o  be at t r ibuted t o  some extrancrius 

fac-:or, as say paras i t ic  infestation. Some of the Japanese workers 

repwted t h c t  blood and mcrrow cosino2hilj.a was a favorable prognostic 

sign (Appendix 4N - 2 5 } ;  but the t o t s 1  nmber of cases on which t h i s  

conclusion was basad was too few t o  ju s t i fy  it. 

the significance of these chnngos it may be recelled t h a t  blood eosino- 

\ 

In attempting t o  assess 

phil ia  has beon 6escribed a8 a typica l  soquel of roentgentherapy (Minot 

and Spurling, 1924, loc. c i t .  ) . 
i s  of the ordor of 2% which i s  considerably less than the maximum of 

68$ eosinophils found in  the  blood of case #312%. 

(14) Cnse 3122, Female, Age 25, 1700 meters, Nagasa'kti. 

The m a x i m u m  values observed by radiologists 

(See TRble  22a) 

Patient vas inaide 3 wooden building and sustained many laceraticns 

due to f lying fragmentB of glass, as well as radiotion injury. 

appeared ear ly ,  and purpura and g ingiv i t i s  

week of September. 

Epilation 

wera evident during the 1st 

Hemorrhagic retin-lt io associated with smblyopia.was 

a (7) 130 



' 1 -  
1, 

s t i l l  t o  be seen i n  October. 

Examination of Blood. 

The course of recovery was slow. 

20 Septembw 

2 October 

16 October 

26 October 

- 2500 - 

- 16450 8.5 

- 8500 7.8 

- 16200 8.4 

13 November . 4 6  - 11050 7.8 

Different ia l  Counts 
-_1_ 

BP S MOXOS - E S .  - DATE POLYS L W H S  

2 October 29 8 6 61 1 

s6 14 15 7 64 - 
26 11 17 4 68 - 
13 November 43 24 2 31 - 

- b. Erythropoiesis: The manner i n  which the erythropoietic func t im  

of bone marrow recovers a f t e r  exposure t o  injurious doses of gama radiztion 

is  not too  clear .  It has been demonstrated i n  the ear ly  per ixi  a f t e r  i r r 3 d -  

ia t ion,  while the prol i ferat ion of reticulum is the main process t o  be seen, 

t h a t  a cer ta in  number of nucleated red ce l l s ,  chief ly  norrnoblasts, can be 

found. It was suggested t h a t  these were, probably cells t h a t  had survived 

amounts of rar?ia%ion which had apparently destroyed a l l ,  or newly  a l l  the 

e e l o p o i e t i c  t issue.  

the  metamorphosifi of reticule-endothelium in to  erythropoietic c e l l s  has 

provided several examples of th i s  process. The type of reticulum c e l l  vk.i.ch 

is involved does not appear t o  d i f f e r  i n  any important respect f rc jm the  type 

whfch different ia tes  into a granulopoietic ce l l .  

A study of the specimens with pwt i cu la r  regard f o r  

No azurophile granules 
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t 

develop however, and the cytoplasm tends t o  become increasingly basophilic, 

and i n  most instances loses  the flocculent, o r  ground-glass texture which is 

character is t ic .  ~ ?he changes i n  the nucleus Ere also d is t inc t ive  when the 

apparent metmorphosis i s  i n  the direct ion of the red c e l l  ser ies .  The 

chromt in  bacoines more dense, and the thrcads of it bacone coapacted to-  

gether. 

and fewer of them can be seen. 

t i f i a b l e  as a very immature basophilic erythroblast 

rob las t ) ,  

evolution of the adult  erythrocytes. 

cell dovolopment is  shown 'in Figure 45. 

The conspicuous nucleoli of the reticulum c c l l  become less d j s t inc t ,  

A t  about this stage the ce l l  is  rczdily idcii- 

(pronormoblast, pl*oei*y th- 

From t h i s  stage on, thcre appears t o  be nothing a b n o m l  in the 

An example of t h i s  type of w r l y  rcd 

The  specimen i s  a biopsy, H-11879-Xl3, obtained 12 Septanber. Another 

exanple showing the contrast between the early erythroblast 

en% ce l l  of the myeloid series: i s  seen i n  Figure 46, which i s  a lso fron a 

'and th-2 cquival- 

biopsy, H-6016-U, perfomed 6 September, 

Thc fur ther  developmerit of erfibropoiesis i s  shown i n  the ser ies ,  Figmes 47, 

@, ard 49, 

appearance is shown. 

H-10335-U, perfomed 24 Septeinber. 

rccdi ly  apparent t o  distinguish basophilic erythroblasts mcent ly  mctauaor- 

phosed fron reticuluii, from ordinary erythroblasts uhich cen be prosmed t o  

have s w i v e d  the gamma radiation, 

This pat ient  i s  (5) Case, Fagc 30. 

In the last  figure ;I nest of golychrone nornoblasts of quite norm1 

Theso i l l u s t r a t ions  c?se a l l  taken fron Q biopsy, 

(See table  22c) There is no way tha t  is  
c 

Many of tho biopsy spcciiwns hp ross  the exminer as resembling foetal 

erythropoicis i n  tho s.enso thit .there appears t o  be a larger proportion of 

polychrome nomoblasts and polychrmatophilic erythrocytes than is us.& i n  

adult marrow. The data unfortunately 1x1s not been collected i n  a manncr which 
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1 TABLE 22 

- EXAMPLES OF, DIFFERENTIAL COUNTS OF STERNAL MARROW 

Fromyelocyte 

Metamyelooyte 

Stab Form 

. Poly 

Eosinophile-all types 

Lymphocyte 

Monocyte 

Histiocyte 

Plasma Cell 

Erythroblast 

Normoblast 

3122 
?EB IKZTILIC~~ 

.. 
2 07 

7 07 

15.4 

4 04 

41.8 

2 07 

0.5 

- 
1.1 

4 00 

14.3 

17 'October 

B C 
SOT9 H-lOT3 5-U 

A m  VERY ACTIVE 
ERYTHROPOIES Is ERYTHROPOIFS IS 

2 a 0  - 
2 .o 165 

8 05 7 e 0  

24 a 0  25.0 

10.5 8 .5 

3 00 2 .o 

4 00 5 .O 

'2.5 1.5 

0.5 0 a 5  
/. 

- 0.5 I 

4 05 4.5 

32.0 41.5 

13 Ootober 24 September 

, 
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wU.1 permit substantiatfon of t h i s  observation. It has been shown, however, 

' i n  the section on the Bload (Section 6 )  t ha t  tho number of reticulocytes i n  

Thore is  peripherhl blood WEIS never very great i n  the  recovering subjects. 

apparently a discrepancy here between the obvious immaturity of the erythro- 

genic marrow and degree of reticulocytosis i n  the blood. This has been noted 

by a l l  who have examined the material, but there  i s  no easy explanntion of %he 

finding. 

It was shown i n  Table 9 t h a t  the myeloid: erythroid r a t i o  calculated 

from d i f f e ren t i a l  counts of s te rna l  marrow WGS the lowest during the period 

16-31 October. Since t h i s  period was a lso  the time a t  which tho svernge value 

for the  t o t d  nucleated c e l l  count In marrow WL?S the grentest, it i s  proper t o  

assume t h a t  erythropoietic regeneration was naximal a t  t h i s  time, .on an avcrage. 

The data was revfewed t o  determine the  incidence and the time re la t ion  of ex- 

amples of especially marked regeneration of the  erythrogenic fimction. 

t h i s  purpose two categories were selected a rb i t ra r i ly :  

For 

a) Active Rrythropoiesis: Instmces where the t o t a l  percentage of nu- 

cleated red c e l l s  was between 3% and b @ ,  inclusive. 

b) Very Active E r s h r o p o i e s i s :  Instances where t h e  t o t a l  porcentzge o f  - 
nucleated red c e l l s  WEIS i n  excess of 4@. 

The r e su l t s  of the analysis are shown i n  Table 23 and typ ica l  examples of the 

d i f f e ren t i a l  count of a case i n  each cntegory is Listed i n  Tables 22E and 22C, 

respectively. Brief c l in fc s l  data. on these pat ients  are  presented. 
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LNCIUENCE OF UNUSUAL DECrREEE OF ERYT_RROPOIESIS 

HIROSHIMA - TYPE NAGASAKI e .  
p- 

U 1-14 15-30 1-15 15-30 1-14 15-30 1-15 16-31 NOV. D ~ c .  
G 

Sept. Sept. Oct. Oct. Nov. Sept. Sept. Oct. Oct. 
' .  i 

2 - 2 4 2 Active 24 - - 7 3 2 
erythro- 
poiesis 

- - - 2 8 2 1 - . 3 Very ac- 10 - 
t i v e  ery- 
thropoi - 
e s i s  

10 15 All Types 42 6 24 67 24 15 33 11 9 

(15) Case 3069. Male. ' Age 22. 550 meters. (Nagasaki) 
1 

Petient was inside a wooden factory building, and received veri- mmy . 
laceretions of the  en t i r e  body due t o  glass fragments. 

19 August; m d  g ig iv i t i s  with soae purpuric tendency developed ear ly  i n  

September. 

vember was s t i l l  not good. 

Exmination - of blood: 

Epilation comenced 

The course of recovery WRS very slow and his general status i n  No- 

L 

WEC Protein DATE: - - Hb. * REX - . - 
3.48 2200 - 25 August 43$ 

25 Sept. 33% 1.90. 3000 

6 Oct. 5@ - 10450 6.8 
* . ?  

. 
-69 (7) 135 - 
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Different ia l  Counts: 

.Date 

6 October 

25 Oct. 

13 Nov. 

POLYS 

71 

63 

16 

- LYMPHS MOhlCS EOS - ms 
26 2 1 - 
25 4 - 
58 8 17 1 

Additional Laboratory Data: - 
Ret icu lkytss ,  22 October - 0.4$ 

Plntolets  23 October - 158,000 
This record is quite  interest ing bemuse of the poor reticu1ocytcs-Q a t  a 

t i m e  (mid-October) when the marrow contained &my nornoblasts. 

currence of leukopenie is curious, and not ea s i ly  explcined w i t h  the  nafer- 

i c l  available. 

(16) Case H-10335-U Male. Age 23. 1000 meters. (Hiroshima) Table 22 C 

- 

The re -  

See Table 22 B 

Pa3ient w m  s i t t i n g  inside a wooden 'building, but received no injury except 

by radiation. 

1 September. 

ized and was thought t o  have typhoid fever i n  addition t o  the r c d i a t i m  sick- 

Purpura, s tcmati t is  Find ulcerative plizryngitis occurred 2bout 

Epilation was not observcd u n t i l  15 September. Be was hcspital-  

ness. H e  recovered and left the hospital 7 October. (See 

Examination of Blood: 
-_I_ . .  

24 September 3% 

Different ia l  Counts: 

2.04 5200 

19 September 
Met myelocyte 0.5 
Stab FGrm 23.5 
Poly 29.5 
Lymphocfie 21.0 
Monocyte 13.5 

figures 47, 48, 49) 

24 Sr?ptmbsr. 
1.2 
13-5 
64.0 
13.5 
7 -0 

c 
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DiffeTential Counts-continued: 

19 Septe3ber 

Eosinophil 0.5 
Basophil - - Plasm Cell 

24 September 

- -  
0.5 
1.0 

From t h i s  cursory review of the recovery of erythropoiesis it is  evident 

th?.t the same processcs operate as i n  the case of the granulocytic cells, 

There is cocsidernble c l in i ca l  evidonce f o r  defective evolution of t h i s  r"nnc-- 

t ion,  as represcnted by cases where the c l in i ca l  syndrone of hypoplastic 

. amnia persisted or gradually bcc'une worse, 12-14. wceks a f t e r  i r radiat ioa.  

There is, howeverg no charactor is t ic  foature of the marrow specbmzs fron 

such cascs, A typical  cxample of this la te  deficiency is Case 10. (Koy #l90) 

(17) Case #lo. W e ,  Age'58. 1300 netcrs. (Nagasaki). 

c 

Patient wzs stancling i n  tho open, and sustained c-utensivc sxond  degree 

burns of exposed port5ons of thc body, as well as of par ts  covcrcd by cl&,hing. 

Epilation corarlenccd a t  an unspecificd t h o ,  but no other symptom of radiat ion 

injury were rocordcd, ihc burns were healed sa t i s f ac to r i ly  by the 1st of Oc- 

tober, but h i s  gcncral condition detorforatod steadily. A diarrhea. coracnced 

11 October and parsisfed llntil death, apparently from cachexia, on 18 NorTen- 

bcr . 

I ,  

DATE 
-.IIu 

5 October 

1 November 

18 November 

.. 

RBC 

2.00 

3.10 

0.85 

- 

73 (7) 

PROTET?J w -'- 

5350 5.4 

4550 . 4.5 

1600. . 4,5 1 
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Different ia l  Counts: 

- r  

DATE - 
5 October 

1 November 

MONOS Em 
7 POLYS LYMPJ3S -4 

78 12 7 3 

78 18 2 2 

Ret iciilocyte Count : 1 November. 1 8% 

Stool cultures were reported as negative for  pathogens. 

of the marrow 

inspection reveals no polys or other adult  c e l l  types. 

The low power vfew 

(See figure 50) shows a f a i r l y  ce l lu la r  t issue,  but more esre?ul 

In  the past %here has been considerable speculation as t o  which group or" 

human marrow ce l l s ,  the red o r  the white, i s  more radiosensitive, 

data has been examined carefully with t h i s  question i n  miiid, bu-i; a l lowhg  

for  differences i n  the terngo of the reactions i n  each system, it i s  n o t  pos- 

s l b l e  t o  produce a defensible ansver a t  the present time. 

tha t  the granulocytes a re  destroyed promptly and tha t  a t  a time when d l  

these are  absent, a few normoblasts renain. 

l a t t e r  are  survivors, but sinoe they a re  re la t ive ly  mature types which would 

The present 

It i s  apparent 

It has been suggested tha t  these 

short ly  develop in to  the comparatively radio-insensitive erythrocy-Les, it does 

not seem proper t o  appraise the sens i t i v i ty  6f the erythropoietic system 

on t h o  basis of them. The burden of the cvidence hdicates  t h a t  the  white 

c e l l  forming t i s sue  recovers sooner than the erythrogenic-structures. There 

is no more reason t o  a t t r i bu te  t h i s  t o  differences in radio-sensltivity than 

there i s  t o  explain it by differences i n  rate of growth of the two tissues.  

Cl inical  examples were observed where 'it appeared. t ha t  the erybhropoietic func- 

t i o n  had recovered more completely than the myelopoietic one, and vice versa, 

In view of the ambiguous nature of the evidence cited, it is  wall t o  

reserve judgment, Perhaps, long range observation of  recovered patients w i l l  



provide a more sat isfactory answer. 

c , '  

* 
z 

I C, &$caryocytes. The smears of asoirated marrow obtained ear ly  i n  the 

course of the sydrorae of radiat ion injury ra re ly  contained appreciable num- 

bers of megakaryocytes, 

m,mrow biopsy provide indifferent  information about the r e l a t ive  n-ambers of 

As a matter of f ac t ,  the  ordinary technics f o r  bone 

these large, f ixe6 ce l l s ,  

is  not included i n  the tabulation of the d i f f e ren t i a l  c e l l  count, 

t i s sues  obtained a t  autopsy, these c e l l s  may be studied m.e rezdily,  anu it 

ifas fouid tha t  t h e i r  behavior roi@d.y paralleled the changes i n  t 5 e  nyetopoi- 

e t i c  t i s sues ,  There appears t o  be a fair  correlation between the t i u e  pcriod 

For t h i s  reason, the percentage of megakaryocytes 

I n  the 

when the p l a t e l e t s  were l e a s t  rmerous (see section on Blood) 2nd the period 

when the  fewest megakaryocytes were seen i n  the narrow (see section on 

Pathology). 

cribed i n  various blood dyscrasias. and i n  experimcntal animals, ard in- 

stances were observed i n  the i r radiated patients which demonstrated this proc- 

ess, 

The developnmt of megakaryocytes from reticulum has bem dcs- 

Specific examples are  sham- i n  the Pathology section. 

Group 5, Unsat.isfactory evolution of the _I1rcticular marrcw" . -- 
It is reasonable t o  ant lc ipate  tha t  the m,rrow w i l l  not I-cgenerate i n  a 

sat isfactory ma;mei- i n  some cases. 

t a t e  the death of the siibj c t ,  the autopsy matepi31 has been si-,udied with pRr- 

t f cu la r  regard f o r  evidenc of abnormal patterns of regenel-&ion, A t en ta t ive  

c lass i f ics t fon  of the corditions of unsuccessful recovery of marrow is  as 

f O l l O r J s  : 

Since this type of f a i lu re  should f x i l i -  

> 

1) Failure of the reticule-endothelium t o  prol i f  crate,  sufPiciently, 

with the r e su l t  thEt substant ia l  numbers of def ini t ive c e l l s  a re  prodwed, 

2) .Failure of -the metamorphosis of an *!adequatet1, o r  abundant r c t i cu lz r  

73 (7) 139 



marroi t o  occur rapidly or  completely enough t o  provide suf f ic ien t  adult  

granulocytes and erythrocytes. CIS 
3) Abnormal evolution (or differcnt ia t ion)  of the ret iculo-endothe1. i~ 

I .  -. with the prodiiction of substantial  numbers of c e l l s  of other va r i e t i a s  than 

adul t  granulocytes and erythrocTybes . 
The first two conditions a re  ra ther  obvious eventual i t ies  a-nd it i s  possible 

t o  interpret  many of the biopsy and autopsy specimens i n  such a mannor. The 

th i rd  condition i s  the subject of discussion i n  the present section. 

I 

A 

It i s  evident t ha t  the development from the reticulo-endothelium of c e l l s  

3 

other -than the highly desirable granulocytes and erythrocytes m y  vesy great- 

13- both as t o  kind 2nd as t o  extent. 

be found where the number of abnormal c e l l s  w i l l  be few o r  mny, or  whero t h e i r  

s i t e  of dcvelopaent will be focalized or generalized. 

i n  the ear ly  period of recovery, a f t e r  exposure t o  the atomic bomb, thz pro- 

l i f e r a t i o n  of reticulum is associ.ated with, and is  probably the source of ,  

plasma ce l l s ,  macrophages, and abnormal lymphocytes. 

Thus, it may be expected tha t  COSBS w i l l  

It has been show11 that 

Later it appears t ha t  

the reticulum produces fewer of these c e l l s .  and undergoes a metamorphosis i n to  

a t i s sue  consisting of deffinit ive myelopoietic and erythropoietic cells It 

is reasonablo, therefore, t o  expect th8.t cer ta in  instances will bo found where 

the ear ly  type of different ia t ion has persisted, o r  has become, o r  remained 

the doizinant act ivi ty ,  

Plasm c e l l s  were seen i n  large numbcrs.in specinens obtained at avkopsy 
L -  

and biopsy during the f irst  3-5 weeks a f t e r  i r radiat ion.  In’some instances, - ._ 
O J  30% t o  40% of the nucleated cells in. mrA-ow were of t h i s  type. masma sells 

are s t i l l  t o  be seen but i n  decreasing numbers i n  a l l  the specimons obtained 

late ( i*e .  last half of September, October, November, December) a f t e r  injury, 

* .  
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There was no example found during t h i s  period where the  nwnber of plasma 

c e l l s  

a t ing i n  an abnormal manner nor was there any emmple of tissue which re- 

sembled multiple myeloma. 

o r  t h e i r  dis t r ibut ion was such as t o  suggest t h a t  they were prolifer- 

The sane can bc Said i n  general, f o r  mcrophagcs; 

and there were no "latevt cases where unusual numbers of these cells were ab- 

served . 
In  the  marrow obtained by puncture biopsy, approci8bls nlmbers of ab- 

normal.. VSp3ocytes t z r e  found on many occasions. In  Talde 16, page 48 it was 

shown t h a t  the incidence of t h i s  type of c e l l  i n  significant numbers (i,e. 

more than 1% of all. the  c e l l s  counted) m s  56% f o r  2iroshi.m. and 31% f o r  

Nagasaki casesg respectively. It was also shown thc t ' these  forms cor.ld bz 

T found a t  any time after the bombing when t h e  marrow W ~ S  em-ined. i n  facb ,  

about one-half of a l l  the specimem obtaincd ?.n November i n  mch ci ty ,  a,.lcJ 

i n  December i n  Nagasaki, contained some abnormal lymphocytes, 

caiice of the persistence of abnormal Iynphocytes i s  d i f f i c u l t  t o  assess. 

The s jgnif i -  

One point of view m y  be tha t  since the  marrov contimes t o  produce t h i s  t y p  

of ce l l ,  thorefcrc the process of metmnorphosis of the reticulum is incom- 

plete,  

etc.,  i s  nlt2red acd the abnormal lymphocyte m y  contiiiue t o  be one of thc 

characterishic products of t l i r r i t a ted"  retic1iLm i n  such svbjec-Ls. 

however, insufficient data available t o  estebXish e i ther  point of view sa-Lis- 

factor i ly ,  

l i m i t s  of lrnormalitylt f o r  the  occurrencs of  these cells. 

f i c i e n t  t o g t a t e  here t h a t  lynphocy'bss of t h i s  type are seldom encountersd 

i n  bone marrow under any conditiaas..and thct the high rate of occurrence 

of them i n  these specimens is  thus 

Another view may bi: thc?t the rcsponse of the reticulum t o  iLrfection, 

Thcre i s  

There is, i l s o ,  imdeqmte  datn t o  permit the establishment of 

It must be suf- 
# 

of sornc inti?res%, Since it is  not  
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possible t o  in te rpre t  the finding, a g ~ o u p  of cases w i l l  be presented 

simply t o  demonstrate the  appearance of such c e l l s  l a t e  i n  the ccurse of the 

syndrome of radiat ion injury. 

(18) Case 410. Female. Age 33. 1300 tueters. (Ragasaki) 

Patient was inside a woden building, and sustained minor f lash  burns 

of the face and arm, as w e l l  a8 minor in jur ies  due t o - f l y i n g  debris. Gin- 

g i v i t i s  and pharyngitis occurred l n t e  i n  August, and epilsltion 2nd purpllra 

comnenced i n  September. 

The wounds and burns healed sa t i s fac tmi ly .and  she made a slow recovery from 

the  e f fec ts  of the radiation. 

Amenorrhea persifited from the  time of the  bombiug. 

Examinntion of blood: 

DATE 
_I 

WBC 
y_ 

FRISTEIN 

5 October 63% 3.10 7050 6.5 

19 7Wo 3 .oo 9850 4.7 

- 6500 6.7 

15 8% - 5400 7.0 
- i 

7 Nowem’oer 7 3  

4.69 7000 - 16 61% 

Figme 41 i s  a representitive f ie ld  fron Q sneer of merrow-obtained by 

biopsy on 16 December, and shows the presence Qf the  large abnornal l ppho-  

cyte. There ore a l so  myelocytes t o  be seen with the def ic ient  type of gran- 

ulat ion assoclated with the metamorphosis of abnomsl lpphccytes  in to  man- 

ulocytes . 
(19) Case H-10616-1 Female 19 200 meters (Eiroshina) 

Patient was insi‘de on the  first f loor  of a 3 story concrete ImilCing. . .  

She received ninor wounds and radiat ion fnjury. Epilation occurrod ear ly  i n  

September. There were no other symptoms, and she recovgred and appeared well 
f 
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i n  November, 16 weeks a f t e r  the bombing. 

Exemination of Blood: 

DA!!X 

13 August 

- 

15 " 

16 

18 " . 
20 September 

19 November 

Dif fe ren t ia l  Count: ---- 

R X  

2.35 

2.34 

2.20 

2.15 

- 
3.87 

W X  

' 3400 

. 1340 

1250 

2480 

- 
4500 

Ham - 

19 Navember 8 .O 54.4 27.2 4.0 4.0 J-c.0 65790 
3 

Figure 51 i s  ii typ ica l  f i e l d  from a bone marrow biopsy performed 19 November. 

The l m g e  rlumber of abnormal lynphocfies, as web1 as what appear t o  be cel ls  

t r ans i t i oaa l  between the ro$iculum c e l l  and the lymphoid ce l l ,  are  shown. 

This specimen is very interesting, for the patient is  one of the few surviv- 
- 

ors of 

- 
i ?  

A 

i n  Key 

wooden 

due to 

the group who were i r radiated i n  the Banker's Club. (See Section 11 H) 

striking exaniple of the persistence of 3bnormal lymphocytes is  seen 

$50, died 15 November 1945. 

3c.Llding a t  1000 meters, i n  Hiroshima. 

radiat ion injury, with epilation, puspurz Rnd oropharyngeal ulceration, 

This patient,  ~-605g-u, was inside R 

He survived a severe i l l nes s  

and f ina l ly  died from bronchiectnsis. 

Post morbcm crjnt.ained numerous abnormal lymphocytes, m m j  of which can %e 

Imprint preparations of wrsrrow, mcde 

seen t o  be i n  tho process of developing specific granulation. I n  Figxres 
9#-"fl 

52, 53, 54, 55 t h i s  process is  shown m.d i n  many instances it i s  impossible 



.--, 

t o  decide whether the  c e l l  i s  a lymphocyte or  a myelocyte. I n  the  photomi- 

crograph of the  t issue,  Figure 56, the  intermediate and indeterminate char- 

ac te r  of the  nuclei of these c e l l s  i s  shown. A s t e rna l  biopsy was performed 

on t h i s  patient 17 October, and although abnormal lymphocytea are  t o  be seen, 

the process whkh is  pictured here was less obvious a t  t h a t  t i m e .  

Other examples of the  persistence of appreciable numbers of abnormal 

lymphocytes i n  marrow are  shown i n  Figures 57 and 58, 

Case S-9078-H0 of 5 November and Figure 59, 

from 

from Case E-6052-U of 

29 Octcjber. I n  contrast  t o  these subjects i n  whose marrow abnormal lymlho- 

cfies were conspicuous, a t tent ion is  invited t o  Figures 60 and 61 f roa  Case 

H-6729-U of 24 October. 

5% of the  nucleated c e l l s  were quite ordinary small ly-twhocytes, of ncrmal 

appearance. 

The d i f fe ren t ia l  count of this s m e s  disclosed tha t  

The only comuon feature of these s ix  pat ients  is  t h e i r  injury by 

gama i r radiat ion.  It i s  apporent t h a t  further study is  necesscry before 

the signific.mce of tho persistence of the abnormal lymphocytes can be in- 

terpreted jus t ly .  

The f a i lu re  of the rsticulum which has proliferated t o  complete its 

met,mor&osis into a "definitive" marrow nay occur i n  such rl w s y  that a m a r r o w  

i s  formed which contains large numbers of these ce l l s ,  and t h e i r  ear ly  de- 

rfvativps, but l i t t l e  evidence of the maturation of these l a t t e r  t n e s .  

Inefficiency of such a tissue is obvious, and the f a i lu re  of myelmytes which 

have develope? froin the  reticulum t o  undergo orderly maturation i s  in te res t -  

ing, but it may be-presumed tha t  t'ne desirable s i t u -  

a t ion would be fo r  ordinary 'b las ts  t o  form from the reticulum i n  sui table  

numbers. 

The 

ThePe 'b las t s  could then, i n  turn, prcduck granulocytes i n  the nor- 

mal manner. Two excellent exam3les of the failure of the metamcirphosis of 
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reticulum in to  normal myelopoietic t i s sue  a re  available, and since the 

changes i n  the histological preparat5ons a rc  supported by good smcars of 

marrow, they w i l l  be prescnted here, 

(20) Case 3098, Female, 6ff,'800 meters, I?agasaki. 

P a t i m t  was oxtdoors, prone, and unshielded. She sustained severe 

2nd degree burns of the posterior aspect of  her body. 

legs became infected aQd contractures developed. 

but noticed purpura a t  an unspecified time. 

end progressive cachexia occurred. 

The burns of tho 

Shc had no epilation, 

Her course was unsatisfactory 

She died 1 5  October. 

WbC 

5 Sept I - 3200 

8 Oct 52% 2,17 8550 

- -__u___u-- Examimtion of Blood: --- Date - Ht: Rbc 

Differential  Count: 

8 Sept: 

T h s s t e r m l  mcrrrow was hyperplastic at eutopsy, and prol i ferat ion of 

Stabs - 6;  Polys - 37; Lyxphs - 39; Monos - 4; Eos - 2.11 

reticulum wcs evident. The majority of  the ce l l s  t o  be seen were mono- 

nuclez-rs, some of which,were-lymphoc;rtes, plasma ce l l s ,  reticulum ce l l s  

and xyelocytes, In  the smear the idzritity of the majority of the cells 

was apparent (See Figure 62).r Typical h r g e ,  rouncled-iq reticulum ce l l s  

were nunerous; and many coatained a wq7ing mount ol" a m o p h i l e  pan -  

ulation, 

. 

Some of these a l s o  had neutrophilic granulation i n  small maunts. 

These wera considered t o  be early fmns of abnormal myelocytes, and thcse 

were the most nwncrous type' of cell, 

were scarce. 

maturation of t h i s  se r ies  was 32.~0 defcctivc, 

the cytological processes rcsmbled that seen i n  the IearLyt stage inmost  

9kt&yelocytos, stabs, and polys 

A number of basophilic erythroblasts were pr&ent, but 

The general character of 

of the severely affmtod patients. The persistence i n t o  the 10th week 
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of  a stage which ordinarily occurred i n  the 3rd t o  5th week i s  

extremely interesting, 

(21) Case 3121, Male, 65, 900 metors, Nagas?ki 
* .  

Patient was standing outdoors behind a t r e c  and received no 

injury except k y  radiation, There was no epilation, but g ingiv i t i s  
I 

Y 
I ’ and purpura commenced early i n  September. He developed gradwl ly  

af t o r  the  bonbing ci generalized d i r t y  brownlsh pigmenta,t,ion which 

reseEbled t ha t  seen a f t e r  roentgentherapy. 

without perm5ssion 9 October and thus was not workcd up by thc  

doc tors  of the Joixt Comission, 

11 November, and died the same day. 

obtained w a s  t h z t  he had continued t o  have diarrhea a f t e r  lcav:’.ng the 

hospitc?l nnd had booone 

complaints, 

He l o f t  thz hospital  

He retilmed i n  a moribund s t a t e ,  

The only clinidal inforination 

progressively weaker without any def in i te  

* c  

,’o 

* -  

146 

h 



Examination of Blood: 

DATE 

--1 -- 
WBC - RI3C - - 

27 September I+. 16 lA00 

The s te rna l  marrow was f a i r l y  celli.il.ar a t  autopsy, and conteined a moderate 

amount of erythropoietic tissue, but the  predominant type of cel1,was a re- 

ticulum-like mononuclear, 

typical,  

azwophile granulation. 

from reticulum were seen; and metaniyelocytes and s t ab  fornis aild polys were 

Imprint preparation (See f igure 63) contained many 

large rounded-up reticulum ce l l s ,  only a portion of  which contained 

A s m a l l  number of myelocytes of -the type formed 

very few i n  number. Plasma c e l l s  and lymphocytes were numerous. The general 

appearance of t h i s  marrow obtained i n  the  l4 th  week after bombin? was similar 

t o  t h a t  from severe cases who died i n  the 3rd-4th weeks. 

These two cases (2C) and (21) i l lustrate quite well. t h e  persistence of the 

prol i ferat ion of reticulum which i s  undergoing m3tamorphosis i n t o  myelocytes. 

However, the l a t t e r  c e l l  types do not apyear t c  be maturing i n  the usual 

manner, and there is  very l i t t l e  evir?ence of tne different ia t ion of t h e  re t ic-  

ulum o r  i t s  product i n to  even small motlnts of normal meurrow tissue.  There 

i s  no evidence tha t  can be recognized t o  explain the rezsoa f o r  the f a i l u r e  of 

ordinary myeloid. tissue t o  form, nor i s  there any indication as t o  why'this 

ear ly  pattzrn of regenerating marrow continwd. fo r  s o  long a period, 
6 

On the basis of the known action of ionizing radiations on biological mater- - 
i a l ,  it is  reasomble t o  

leulremic, o r  ?re-leukemic changes could be recognized. i n  the mamow and the 

lymphoid structures, Ekperknentally leukemia has been produced i n  

animals, par t icular ly  mice, by exposilre t o  varying amounts of roentgen 

rays, 

anticipate tha t  some instances might he found tifilere 

The factors  of duration of exposure. and intensi ty  of rsdiat ion n ~ e 6 -  

sary t o  provoke the development of leukemia a re  not thoroughly known. It has 
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been shown, however, by h t h  (1) and also by Boehe (2) that s ingle  large 

doses may be as effect ive i n  causing leukemia as rep6ated small exposures. 

The a b i l i t y  of the human species t o  develop leukemia as a consequence of 

roentzen i r rad ia t ion  is  indicated by the high incidence of the disease i n  

radiologists.  

e r  c i t y  was -there any evidence t o  suggest t ha t  leukemia was developing, 

Thc most pers is tent ly  a5normal mar1-01~~ from the cytologic standpoint have been 

mentioned i n  preceding sections; but there  is no reason ' to  describe any 

of them 9s leukemia or even as pre-leukemia. 

there were several  cases where the prol i ferat ion of the  reticulum i n  the rnar- 

row and i n  the lymphoid organs was especially pronounced. 

(1). In  nom of the marrow biopsy specimens obtained i n  eith- 

Among ths autopsy speci-tmm 

The marrow of 

these cases displayed little' evidence 02 orderly metmorDhosis of the re t ic -  

ulum. 

They are  not examples of lerkemia, but the poor d i f fe ren t ia t ion  OP raticulum 

which is men,- bears some rcsemblance t o  the processes observed i n  i r radiated 

animals 9 which have developed leukemia. 

The zasm are  described i n  d e t a i l  i n  the section on Pathol.ogy, (I 

One case of llMonocytic leukemia11 occurred i n  a medical student who had 

recovered from E? severe form of the syndrome of radiat ion injury. It i s  de- 

scribed i n  d e t a i l  i n  tho  Pathology section. 

period of. good health of some 5-6 weeks duration between the time of recovery 

This patient experienced a 

/ 

from the e f fec ts  of severe radiat ion szickness and the  onset of the symptoms 

of acute leukemia, Because of reasonable doubt as t o  the ro le  of tht: gamma 

radiat ion i n  the genesis of the letkemia, no fur ther  comment i s  appropriate, 

(1) Furth, J, '%cent Experimental Studies on Le-&emiafl, Physiol. Rev. 
26: 47-76, January 1946. 

n (2) Boehe, Personal communication, Data t o  be published. 



SUMMARY 

. _  

. .  
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e -  

* 

A study of the specimens of bono marrow obtained by biopsy and a t  au- 

topsy revealed the following features of the reacti-on 

t i s sue  t o  l e t h a l  and sublethal doses of  ionizing radiation. 

of hmcm hcmatopoietic 

1, The marrow was seriously affected by the gammrr radiat ion of the atomic 

bomb. 

destroyed. The period of maximum depletion of thesc cells appecred t o  vmy 

from patient t o  patient,  but, occurred i n  general between the 6th and pcrhcps 

the  30th day a f t e r  exposure. 

The def ini t ive cells, werc markedly reduced i n  niunbcr or werc ciitire1.y 

2. I n  ahnost every patient who survived longer thm 6 days a f t e r  i.r- 

radiation, there was evidence-of the prol i fernt ion of thc reticulo-endothelium. 

3 .  A& first, the o d y  products of t h i s  pro l i f s ra t ion  wwc reticulum ce l l s ,  

macrophages, p lasm cel'is md lymphocytes. 

4* After a period of tiiit-3, which varied from 1 t o  3 weeks, the r e t i c -  

uliun c e l l  underwent a metamorphosis resul t ing i n  the developxent of dcfFnitive 

granulocytogenic and erythmgenic t issue.  

5. There was evidence fo r  the transformation in to  myelocytes of thi! 

sbnormal ljmphocytes which Gevcloped from the retictilo-endothelium, and there 

was ~ reason t o  believe tha t  these, myelocytes could mtmate in to  po1:morphonu- 

clear leukocytes. 

6 ,  There was evideiice f o r  the regeneratLon of-both red and white marrow 

from 'b las t s  of the appsopriate type which survived thc giullma Prradis.tion, 

- 7 .  There appeared t o  be three meas by which mrrow damaged bj ioniatng 
C 

radiat ion regenerated. It is  

very probable tha t  any o r  a l l  of these inetlicds may be opemtive i n  a given 

These?.are summarized i n  4, 5) and 6) above. 

I 

case. 

r 

/ 
. I  
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8, As regeneration progressed, there was a steady " sh i f t  t o  the right" 

of the myeloid tissue, beginning from a very immature t t re t icularf l -  o r  lfmyel-o- 

cytictl marrow, and ending i n  favorable C ~ S O S ,  with ona tha t  closely approximat- 

ed the normal. 

9. The time required for the myolopoletic t i s sue  t o  recovcr e o q l e t e l y  

varied among patients,  but i n  most instances, when it oceurre6, r x t i t u t i D n  

t o  e normal s ta tus  was seen by th3 12th t o  16th week a f t e r  exposurc, 

10. The recovery of the mytlmo,poietic portions of the mr row appe- ured t o  

proct?ed a t  a sl-over r a t e  than grand-opoiesis, bilt each systcni appcarzd t o  rsach 

a normal s t a t e  at  aboxt the s m e  period of time. 

11. The cellularj . ty of irradiated bone marrow is not certc?inly h a m  nt 

a l l  stages, but it Vas found t o  be reduced t o  less than 3% of noi-in,..l i n  the 

3rd t o  5th wqek a f t c r  exposure, The max imum ce l lu l a r i t y  of thc avcrcge re- 

gemrating marrow ms about 50$ groater than normal and was found during the 

lOth-12th week a f t e r  irradiation, '  

- 

12. Tha tendency of the marrow t o  recover promptly d t e r  large doses of 

The a b i l i t y  of the gamma i r rad ia t ion  t o  the whole body is  an important fact .  

retic1do-endothelium t o  pwticipato i n ,  and possibly t o  efi'ectuatc t h i s  re- 

covery a f t e r  i r rad ia t ion  i s  a s ignif icsnt  physiological finding. 

13. The process of regeneration f a i l ed  or occurred i n  an unsatisfactory 

manner i n  some patients. 

l i f e r a t ing  reticulo-endothelium fa i led  to .  d i f fe ren t ia te  in to  adequate nmbcrs of 

In  some instances there  as evidence th,?.t the- pro- 

, definit ive cel ls .  In  other instances young defini t ive ce l l s  developed, but 

fa i led  t o  undergo mtura t ion  in to  adult  forms. In  s t i l l ' o t h e r  instwxes,  the 

marrow appeared t o  contain normally matured ce l l s  which f a i l s d  t o  gcin access 

t o  the circuleting blood i n  adequate nm-bcrs. 
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S T E R N A L  M A R R O W  B I O P S Y  

Average values 

P 
u1 P 

H I R O S H I M A  

...................... 

I -14 SEPT. 1-14 SEPT: 1-14 SEPf 
ALL PATIENTS LIVED DIED. 

Nb.GASAKI  NORMAL JAPANESE 

1-14 SEPT. 
A L L  PATIENTS 

Fig. 1 (7)--Pie diagrams of sternal marrow differential count. 
"reticular" includes monocytes, histiocytes, macrophages, plasma cells. 
Where the total count of nuclear marrow cells is known it appears 
directly above the "pie" concerned. 

The class 

(Photo File # HM 292.) 
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CELLS - 100,000 

NORMAL 

3 

CELLS - 800 

5 SEPT.. 

H B  - 349'0 

R B C  - 1.57 

WBC - 500  

KUM - 7 
CODE 02-05 

CELLS 2950 CELLS 5150 

5 SEPT. 

H B  - 6 7 %  

RBC-3.27 

WBC - 450 

KL - 1 -  29 
CODE 02-10 

5 SEPT. 

HB - 5 2 %  

RBC - 2.46 

WBC- 900  

STERNAL LA A R RO-W BI  O P S Y  

Fig. 3 (7)--(Photo F i l e  # NM 146.1 

KUM - 23 
CODE 0.0-15 



STERNAL MARROW BIOPSY 

CELLS - 100,000 CELLS - 17,300 

I1 SEPT. 

HB - 44% 

RBC - 225 

WBC - 1250 

W 
NORMAL 

CELLS- 17,800 CELLS- 68,000 

RBC - 1.88 

WBC -2650 

19 SEPT 

HB - 46% 

RBC- 2.23 

WBC- 5500 

CASE K U M - 8 7 ;  CODE 00-12 
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STERNAL MARROW BIOPSY 

CELLS- loop00 

. .  

NORMAL 

CELLS- 211,000 CELLS-33,000 

5 OCT. I I  SEPT. 

HB -32Ok 

RBC- 2.32 

WBC - 1000 

HB 0 65 9" 

RBC- 2.25 

WBC- 5800 

CASE K - 4 8 ;  CODE 00-12 

Fig. 5 (7)--(Photo File # mM. 143.) 
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Fig. 11 (7)--0ura, K.I.U.-7, Distance 1 .  
mortem, 10 September, with 3 large reticulum cells, lymphocytes, and 
differentiating reticulum cells with szurophile granules. 
(Photo File # NM 117K.) 

Marrow smear obtained post- 
- X 1000. 
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Fig, l2 (7)--0ura, K.I.U.-7, Distance ?. 
mortem, 10 September, showing 2 reticulum cellsr 
is  the mom mature. 
nucleud ha0 reached t h i s  stage of maturation. 
# ITM 118K.) 

Marroq smear obtained post- 
The one on the left 

Differentiation in to  myeloCytes is  seen when 
(Photo F i l e  X 1000, 
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Fig'. 13 (7)-- Takeuchi, 29. Male. 1000 meters. Died 4 September 1945. 
Rib marrow, showing hypoplasia and moderate congestion of the sinusoids. 
The mononuclear c e l l s  i n  the f i e l d  are nearly a l l  rectculum ce l l s ,  
plasma ce l l s ,  or lyaphocfies . X 180. Giemsa. Autopsy Key Number 39. 
(Photo F i l e  # HM 184K; AMM Acession 158930-103.) 



"" ... , 

Fig. 14 (7)--Takeuchi, 29. Male. 1000 meters. 

i 

Died 4 September 1945. 
Autopsy Key No. 39. O i l  immersion f i e l d  of section (Fig. 13) of r i b  
showing the prol i ferat ion of reticulum and the collection of lympho- 
cytes and plasma c e l l s  i n  "islands" between the f a t  ce l la .  
Giemsa. (Photo F i l e  # HM 187K; AMM Accession 158930-103.) 

X 1200. - 
. * -  

* -. 
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Fig. 15 (7)--Autopsy Key # 22. Omura, Age 22. Male. 1000 meters. 
Died 1 September 1945. 
macrophages (with and without pigment), plasma cells, and young 
myelocgtes. X 1000. 

Imprint smear of femoral marrow, showing 

(Photo File # EM 249K; AMM Accession 158930-91.) 
' . I  
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Fig. 16 (7)--@topsy Key # 34. Fujita. Age 22. Male. Dietaqce ?. 
D i e d  2 Sgp+gmbgr 1945. 
rpticylp-endothelium and erythrophagocytosis. Notice the similarity 
$n nuclear etrpcture of the phagocgtic ce l l s  and the reticulum ce l l s .  
The relFtipship of the proliferation t o  the einyaoids is  well shown. 
X 1000. 

Section of femoral marrq ahowing proliferating 

(Photo F i l e  # HM 20%; AMM Accession 158930-98.) 
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Fig. 17 (7)--0ura, K.1.U.-7, Distance ?. 
tained post-mortem, 10 September 1945, showing several types of plasma 
c e l l s  and reticulum ce l l s .  X 1200. 

Smear of sternal m a r r o w  ob- 

(Photo F i l e  # NM =OK.) 
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Fig. 18 (7)--Nichida. Age 33. Male. KUM-87. Distance I200 meters. 
Smear of s te rna l  marrow obtained 11 September. Total  nucleated c e l l  
count: 173,000. Smear shows various types of plasma ce l l s  ( 5 )  and 
one reticulum c e l l .  This patient recovered. See Table 11. X 1000. 
(Photo F i l e  # NM l29K.) 
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Fig. 19 (7)--Autopsy Key # 23. Satoi, ?. Male. 1000 meters. Died 
31 August 1945. Section of femoral marrow showing the proliferation 
of reticulum and the  development of plasma ce l l s  and lymphocytes i n  
" is lands" between the f a t  ce l l s .  Giemsa. X 1200. (Photo F i l e  # EM 
192K; AMM Accession 158930-87.) 
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'B ig .  20 (7)--Autopsy Key # 21. Iseoka. Age 45. Male, 1000 meters. 
Died 30 August 1945. 
arranged in  a"str1ng" along the endothelial wall of a capillary or a 
sinusoid. Glemsa. X 1200. (Photo File # HM 18%; AMM Accession 
158930-85 ) 

Section of femoral marrow showing plasma ce l l s  
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Fig. 21 (7)--Autopsy Key # 21. Iseoka. Another field of section, 
Fig. 20, showing p l a s m a  c e l l s  i n  re la t ion  t o  reticule-endothelium. 
G i e m s a .  'X 1200. (Photo F i l e  # HM IgOK; AMM Accession 158930-85.) 
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F i g .  22 (7)--Akamateu. Age 21. Male. 1600 meters. Sternal  biopsy, 
7 September, showing the large abnormal lymphocytes. The cytoplasm 
of some of these is developing neutrophilic granulations. X 1500. 
(Case No. H-31879-KW.) (Photo F i l e  # HM 160 R.) 
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Fig. 23 (7)--Yamashita. Age 17. Female. Distance .? .  Sternal biopsy, 
21 October, showing large abnormal lymphocytes without granules, a l so  a 
reticulum ce l l .  The character of the  nucleus of the former type is  the 
important feature.  X 1500. (Case No. K.I.U.-33.) (Photo F i l e  
# NM 113K.) 



Fig, 24 (7)--Inoue, Age 46, Female, Less than 2000 meters, Sternal 
biopsy of 9 September, showing three large abnormal lymphocytes. 
absence of  granules and the flocculent nature of the cytoplasm and the 
comparatively coarse chromatin with inconspicuous nucleoli are the 
typical features. X 1500. (Case No. K.I.U.-19.) (Photo F i l e  
#HM 177K.) 
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Fig. 25 (7)--Inoue. Age 46. Female. Another f i e l d  from biopsy, Fig. 24, 
showing a large abnormal lymphocyte w i t h  a few azurophile granules. 
coarse chromatin structure of the nucleus, and changing appearance of the 
cytoplaom are shown. X 1500. (Case No. K.I.U.-lg.) (Photo File # HM 178K.) 
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Fig,  26 (?)--Hats. Age 1 .  Male. Less than 1200 meters, Sternal biopey, ? 
6 September, showing 3 large abnormal lymghoaytes. The oentral one and . 
the one on the right have a few azurophile granules i n  the oytoplaem. 
retlouJ.ar origin of these 0e1h is suggested by the 0011 on the right. 
X 1500, (Case Nom H-6016-U.) (See Case 6, Table UB, and Fig. 8,) (Photo 
File # BM 156K.) 
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Fig. 27 (7)--Hata. Age ?. Male. Less than I200 meters. Another 
f i e l d  of the s te rna l  biopsy smear, Fig. 26, showing more different ia ted 
stages of the  abnormal lymphocyte, which here resembles a metamyelocyte. 
The nuclear structure,  however, resembles t h a t  seen i n  Fig. 26. X 1500. 
(Case H-6016-U.) (Photo”Fi1e # HM .155K.) 
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Fig. 28 (7)--Autopsy Key # 28. Kawaura. Age 23. Male. 1000 meters. 
Died 1 September 1945. 
ce l l s ,  abnormal lymphocytes, and the apparent re la t ion  of these t o  
each other. 
X 1000. (Photo F i l e  # HM 20lK; AMM Accession 158930-92.1 

Smear of vertebral  marrow showing reticulum 

There are a l so  plasma c e l l s  and small lymphocytes. 
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Fig. 29 (7)--Satoi. Age 1 .  Male. 1000 meters. (See Fig. 19.) 
Another portion of section, Fig. 16, showing large (abnormal) lympho- 

between the f a t  cells. Giemsa. X 1200. (Photo F i l e  # ED4 193K; AMM 

- 
I cytes occurring i n  association with prol i ferat ing reticulum i n  "islands" 

I Accession 158930-87. ) 
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Big. 30 (7)--a’uJita, Age 22, Sex ?. Dietance ?. Died 2 Bepternber 1945. 
Section of femoral marrow ehowlng small scattered ~ ~ O U P E I  of erybhropoiesie 
ae well ae proliferated reticulum and occaeional lpaphacytee and plasma 
ce l l e ,  X 230. (photo File # HM 207K.) 
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F i g .  31 (7)--Fujita. Age 22. ,Sex  ?. Distance ?. (see Fig. 30). O i l  
immereion view of a portion of section (Fig. 30) showing the prol i ferat ing 
reticulum, lymphocytes, and small i r regular ly  arranged group of nucleated 
red cells, most of which appear t o  be polychrome normoblasts. 
(Photo F i l e  # EM 206K.) 

X 1000. 
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Fig. 32 (7)--Horinouchi. Age 33. Male. 1000 meters. Died 7 September 
1945. Smear of s te rna l  marrow showing several types of reticulum ce l l s .  
The 3 c e l l s  on the l e f t  have t h e  same ty-pe of nucleus, but more con- 
densed cytoplasm containing azurophile granules. These are thought t o  
be ear ly  qwlocytes developing d i rec t ly  from reticulum. X 1000.. (Photo 
F i l e  # EM 32l.K.) 
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Fig. 33 (7)'--( see Fig. 32). Horinouchi. Age 33. M a l e .  LOO0 meters. 
Another f i e l d  from smear shown in Fig. 32. The reticulum ce l l s  in this 
smear are quite  d i s t inc t ,  and these are many with azurophile granules 
i n  the cgtoplasm, early myelocytes. (Photo File # HM 319K.) X 1000. 
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Fig. 34 (7)--Autopsy Key # 22. Michihara. Age ?. Male. 1000 meters. 
Died 3 August 1945. 
ce l lu la r  t issue.  The nuclear structure of the ce l l s  varies fram 
typical ly  re t icu lar  t o  early myelocytic in type. Giemsa. X 1200. 
(Case No. H-6160-u.) 

Section of vertebral  marrow showing relat ively 

(Photo Fi l e  # HM 181~; AMM Accession t15893O-86.) 
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Fig. 35 (7)--Autopsy Keg # 22. Michihara. Age ?. Male. 1000 meters. 
Died 3 August 1945 (see Fig. 34). 
shown in  section in F i g .  34. The photomicrograph shows a series of 
intergradations between reticulum cells and more differentiated typee 
with azurophile g r a d e s  that resemble myelocytes. X 1500. (Photo 

Imprint smear of vertebral marrow 

F i l e  # HM 170K; AMM ACCeEtsiW 1.58930-86.) 
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Fig. 36 (7) --Autopsy Key 22. Michihara. Age ? . Male. 1000 meters. 
Died 3 August 1945 (see Fig. 34). Imprint smear of vertebral  marrow 
shown i n  section i n  Fig. 34. 
reticulum cells i n to  myelocytes. X 1500. 
AMM Accession 158930-86. ) 

More examples of the metamorphosis of 
(Photo F i l e  # HM 17l.K; 
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F i g .  37 (7)--Autopsy Key # 22. Michihara. Age ?. Male. 1000 meters. 
(see Fig. 34,) 
Fig. 34, In this f i e l d  plasma ce l l s  and reticulum ce l l s  and one myelo- 
cyte are shown for contrast. X 1500. 
cession 1 j8930-86. ) 

Imprint smear of vertebral marrow shown In section In 

(Photo Fi le  # HM 172K; AMM Ac- 
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Fig. 38 (7) --Oura, K.1 .U. -7,. Distance ?. 
a group of ce l l s  with typical ly  r e t i cu la r  nuclei and varying amounts of 
azurophile granulation, and one With none. 
lymphocyte8 are also shown. 

Sternal marrow smear showing 

Plasma ce l l s  and small 
X 1500. (Photo F i l e  # NM l l 9 K . )  
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Fig. 39 (7)--Nichida. A g e  33. M a l e .  Lees than 1200 m e t e r s .  Sternal 
biopsy of 19 September (see Fig. 18 for early biopsy) when t o t a l  
nucleated c e l l  count was 68,000. 
1JTmPhocyte and several metaqyelocytes of the  s o r t  t h a t  develop from the  
former ce l l .  Notice the qual i ty  of the cytoplasm i n  the metamyelocytes 
and the persistence of azurophila granules. 
Fig. 4c, Table 2.) 

The smear shows one large abnormal 

X 1200. (See a lso  Case (l), 
(Case No. KUM-87.) (Photo F i l e  # NM 131K.) 



I Fig. 40 (7) --Dobi. Age 20. Female. 1100 meters. Sternal biopsy, 
18 October 1945, showing abnormal lymphocytes, the myelocytes and 
metamyelocytes with conspicuous azurophile granules. One myelocyte 
of the type t h a t  develops from the abnormal lymphocyte i s  shown with 
two nuclei. The basophilic erythroblaet is  normal. S 1500. (Case 
No. 3058.) (Photo F i l e  # NM 134K.) 
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Fig. 41 (7)--Fukabori. A g e  33. Female. 1300 meters. Sternal  biopsy, 
16 December 1945, showing the persistence of the abnormal lymphocytes 
and plasma cells. (Photo F i l e  # NM 122K.) 
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Fig. 42 (7)--Yamaguti. Age 35. Male. Distance ?. Sternal  biopsy, 
5 October, a t  which time the t o t a l  nuclear c e l l  count was 202,000. 
The smear shows a normal 'b las t  and quite normal stages of granulocyte 
development. 
(Case No. K. I .U. -49. 
# NM 128K.) 

This patient had a r e t i cu la r  marrow 4 weeks before. 
(Photo F i l e  See a lso  Fig. 9 and Table 13.) 
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Fig .  43 (7)--Nakazima. Age 16. Male. 1300 meters. Sternal biopsy, 
16 October, showing active regeneration with normal appear- 'b las ts  
and granulocytes. 
(Case No. 278.) 

The red cell ser ies  also appears normal. X 1500. 
(Photo File # NM 136K.) 
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F i g .  44 (7)--Fukabori, Age 8. Female. 700 meters. Died 4 October 
1945. 
eosinophilic granulocfies of all stages. 
AMM Accessinn 158930-194.) 

Sternal marrow showing proliferating reticulum and many 
X 550. (Photo File # EM 150K; 
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Fig .  45 (7)--Akamatsu. Age 21. Male. 1600 meters. Sternal biopsy, 
12 September (see Fig. 22) showing very early forms of erythroblasts, 
whose nuclei bear a close resemblance to those of reticulum cella. 
X 1500. (Case No. H-11879-KPS.) (Photo File # EtM 159K.) 
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Fig. 46 (7)--Hata. Age ?. Male. Less than 1200 meters. Sternal biopsy, 
6 September (see Figs. 26, 27), showing young erythroblasts whose nuclei 
retain the appearance of reticulum. 
granules, but with other features resembging t h e  erythroblasts. 
No. H-6016-u (Case 5, Table 12b, and Fig. 81.1 

Notice t h e  cell with azurophile 
[Case 

(Photo File # BM 158K.) 
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Fig. 47 (7)--Iehii .  Age 23. Male. 1060 meters. Sternal biopsy, 
24 September 1943, showing a group of erythropoietic ce l l s .  
ph i l ic  erythroblasts (or  pranormoblasts) have a normal appearance as 
do the more mature stages. X 1500. (Case no. H-10335-U.) (See also 
Table 22c.) 

The baso- 

(Photo Fi l e  # ED4 162~.) 
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Fig. 48 7) - - Ishi i  (see Fig. 27 . Age 23. Male. 1000 meters. Another 
f i e ld ,  s te rna l  biopsy, 24 September 1945. Mitosis in  normal appearing 
basophilic erythroblasts . X 1500. (Case No. H-10335-U . ) (Photo F i l e  
# EM 16x4 3. 



Fig. 49 (7)--1shii. Age 23. Male. 1000 meters. Another field, sternal 
biopsy, 24 SBptember 1945, showing more matured forms of nucleated red cells 
than those in Figs. 47 and 48. 
usually large, but the nucleus is of the ordinary heteroplastic type. 
(Photo File # EM 16Ur.) 

Some of the polychrome normoblasts are u11- 
X 1500. 
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Fig. 50 (7) --Kinoshita. Age 58. Male. 1300 meters. Died 18 November 1943. 
Rib marrow showing scanty ce l lu l a r i t y  generally. 
and the majority of ce l l s  are large mononuclears. 
t r ibu t ion  of the erythropoietic elements. X 190. (Omura Naval Hospital 
Case No. 10.) 

There are  very few polys, 
Nstice the diffuse d i s -  

(Photo F i l e  # NM l57K; AMM Accession 158930-190.) 
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F-g. 51 (7)--Kazuko. Age 19. Female. 200 meters. S-erne biopsy, 
19 November, showing the unusual number of abnormal lymphocytes. The . 
granulocytic ce l l s  appear normal. X 1500. (Case H-10616-1. 1 (Photo 
F i l e  # HM 1691c.) 

‘ -  

i 

I 
1 

. 201 



i 

Fig. 52 (7)--Kijima, 31. Male. 1000 meters. Died 15 November 1945. 
Autopsy Key # 50. 
resembling atypical (abnormal) lymphocytes, a myelocyte, 2 stab forms, 
and a metamyelocyte. X 1500. 

Imprint smear of sternal marrow showing 3 cells 

(Photo File # EM 309K; AMM Accession 
158930-66. ) 
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Fig.  54 (7)--Autopsy Key # 50. K i j i m a .  Age 31. Male. 1000 meters. 
Another f i e ld ,  same smear as Fig. 52, showing more of the lymphocyte- 
l i k e  forms w i t h  neutrophil granules. 
one are  readily recognized as myelocytes. 
AMM Accession 158930-66. 

All the c e l l s  except the central  
X 1500. (Photo F i l e  # EM 3ll.K; 
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Fig. 55 (7)--Kijima. Autopsy Key # 50. Age 31. Male. 1000 meters. 
(See Fig. 52.) 
53, 54, showing myelocytes with the peculiar granules as well as abnormal 
lymphocytes and reticulum cells. X 1500. (Photo File # HM 313K; AMM 

Imprint smear from another bone, same case as Figs. 52, 

Accession 158930-66. ) 
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Fig. 56 (7)--Kijima. Autopsy Key # 50. Age 31. Male. 1000 meters. 
(See Fig. 52.) 
ce l l s ,  some with granular cytoplasm, myelocytes, and others without. 
The appearance of the nucleus i n  many, with the single large nucleolus 
resembles tha t  of young lymphocytes. Compare with Figs. 52, 53, 54, 
and 55. Giemsa, X 1200. 

Section of vertebral  marrow showing the mononuclear 

(Photo F i l e  # EM 318~; AMM Accession 
158930-66. ) 
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Fig. 57 (7)--Kobuke. Age 19. Female. 1300 meters. Sternal biopsy, 
5 November 1945, showing several types of abnormal lymphocyte and an 

r w ordinary normoblast. X 1500. (Case S-9078-KO.) (Photo F i l e  # HM 1651~) 
Ri 
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Fig. 58 (7)--Kobuke. Age 19. Female. 1300 meters. (See Fig. 57.) 
Another f i e l d  from smear, Fig. 57, showing more abnormal lymphocytes 
and two ce l l s  which suggest an a f f in i ty  with reticulum ce l l s .  
(Case S-9078-KO.) (Photo Fi l e  # RM 166K.) 

‘C X 1500. ‘ 
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Fig. 59 (7)--Yoshioke. Age 18. Male. 1500 meters. Sternal biopsy, 
29 October 1945, showing abnormal lymphocytes, small lymphocytes, and 
one very basophilic type, believed t o  be a plasma c e l l .  X 1500. 
(Case No. H-6052-U.) (photo F i l e  # RM 164K.) 
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Fig. 60 (7)--Fujii. Age 28. Male. 500 meters. Sternal biopsy, 
24 October 1945, showing ordinary small lymphocytes and a few ab- 
normal types with-large azurophile granules. X 1500. (Case H-6729-U.) 
(Photo F i l e  # HM 168K.) 
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Fig. 61 (7)--Fu,-Jii. Age 28. Male. 500 meters. 
f ie ld,  same smear as Fig .  61, showing a blast-like c e l l  with peculiarly 
large granules and a pair of abnormal lymphocfies. 
H-6729-U. ) 

(See Fig. 6:) Another 

X 1500. (Case No. 
(Photo File # e 16m. ) 
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Fig. 62 (7)--Akiyama, Age 60. Female. 450 meters. Died 15 October 
1945. Smear of sternal marrow showing many reticulum cells, some of 
which contain azurophile granules and resemble early myelocytes. 
X 1200. 
AMM Accession 158930-188. ) 

(Omura Naval Hospital Case No. 3098.) (Photo File # NM 153K; 
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